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Abstract of KR 20030061 042 (A ) 
PURPOSE: A device for transmitting/receiving data 
optimally applied to various channel states in a 
CDMA mobile communication system including an 
antenna array and a method therefor are provided to ■ 
divide transmission data into Information bits and 
surplus bits only, and to transmit the Information bits 
through a good transmission antenna, then to 
transmit the surplus bits through a bad transmission 
antenna, thereby Increasing system performance. 
CONSTITUTION: The first dlstrlbutor(66-1) 
distributes an Interleaved bit string having the first 
importance into many bit strings by corresponding to 
the number of antennas(72,74,76,78). The second 
distributor(66-2) distributes interleaved bits having 
the second importance into many bit strings by 
corresponding to the number of the antennas 
(72,74,76,78).; A multiplexer and modulator(68) 
multiplexes the bit strings distributed from the first 
and second dlstrlbutors(66-1,66-2), modulates the 
multiplexed bit strings, and outputs modulation 
symbol strings as many as the antennas 
(72,74,76,78). A transmission antenna asslgner(70) 
transmits each of the outputted modulation symbol 
strings through the corresponding at ' 
(72,74,76,78). 
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^^«^ 1 

tii^_«j-^c:^l 5^411 «i?-7ll- 5t*>fe 41-7I ^111 53 ^|2<aEielig^ lajH aj 

t tils 11 sfe 41-71 42mm^ tiis is^E^si H|E§si 4E^vfli^ ^ii2^t tils 11 afe 4- 

7l 7lll°]Ele]ajsl «ls 14 4-7] ^il2°]Ele]HjEl hIs I^^eIsI hIess] ^f* 4E^M1fe 7^l3^t «1S 11 
2] t^3*}ii, 4-71 7111 2t «mi £fe 7112 2:t H|H1 afe 7113 2:t alSlls] z|z!-iq «1S -^fe 

2 

7lll«oHl S]olA-l, 4-71 xjgi^jl-Ell^jiLi CtfS ^}^41-Efl7l- t-^ 'jVElMi tflSflA^fe 7|lit ^IH I^T t^J^l^, 
41-71 ^]t4l-^^Ji^l ^i*^^Efl7} ^7] 0>E11401| tfl«|lA-lfe 4-71 7ll22t «1S It t^J*H. 4^71 7<i 

^41-Efl^Ja.all ttl-e f'tV ^£51 ;fl4^4-Elll- 7Mfe ?>El|Ll-o11 tflsflA-lfe ^^71 4331^ «|E t^^tt ^^'^ 

a ?>B11M- St^fe -^i^t4^^^ '>l^f-4!^li^i^i ^-Stt ^fl^^^Bfloll tri-a r-llolEl ^/^ 

41 It's. 

3 

^irn-^l SJ<H^1, ^J-71 ^liat alS 1^4 -9-71 ^l2St «1S S ^J-71 ^l3St His tlrP-l ^f^l P-1^ 

tils t§pi 4^71 ?>E|i4gPi ^0,1 ,fl°-t.a. ^1-^ ovEiH oiEiioii- at*}:^ ^s-^m^^^ 

4 

?14^*}J1X1- 5l-fe HlolEl tl- ^o1^ t"11 ffj-Bl- 7fllf^iL51-t 7Hfe AllialS «3l- xHl^JIHai:]- 

4l-ifl2^ 7il2f^A:El- /Hfe ^12B1S -ai- ^isl-/|5l-, 41-7I 7111 51 7112U1S 1-1: zi-z| ojEj 

7111 ^ 7ll2?]Elil^^ His ^ItlilBlS}, 4^7] 7111 5! 7ll2°lt1tf1«JSj B|E ^^ol^l 

cq^n Bi^si-i^ tSai7m if-*>^r ''l^f-il *414'-*H|7^, 4^7] 7111 5! 7ll2°lElel«Jia tils 1* a; 

OlS ^ 7fl2l OIEIIM-^^ ^l^=*f7l ?lifl 7^71 Bi^7|^ 7ll^*l-fe «,Vtf^l ololA-l, 

74421 l>Eim-&2l 7j3i7j-Biixjsoil ttl-el- 4V7I ^llolEieliii:^ His It 41-7I ^^^l °imt 7llltt hIS 1 
#a ^m^, ^J-71 ^l2?iEiei>s^ tils tt ^J-71 42m HIS ^Bflsl-fe 4^4-, 

^^71 zl-zl-21 ?>Bim-lS 41-71 Tllrt^ Bis tir^l- ^^71 ;^l2-t'3- ^IS t§t St^°1 ^IS 11: 

t ^J^«H ^J-71 ed^7l:£ ^l«-«^>fe ittt ^^°-a ^iEim- °lsll<>l« Jfi^tT^f^^^ 

^ ^l^f-4lAli^iAi T:l-Oj=«> Sflt^j-EflOll 4s tHlolEl ^/-.Al Bj-^. 

5 

7ll4«oHl Si-^^-i, 41-71 St «1S 11 z|4sl tils tfe 41-71 i^aHoi-^i 21*1] ^j*l]^t ^^^^ ^lEllM- 

<^sii°m ^s-^m'^''^^ oi^f-^iT.iiigoiiA-i ^o^^ 7iiii4>Eiii ^\c]^ ^/^ai 

6 

71144H1 Si^^A-l, 71-7] xjiSTT-Efl^iioi] tt^s ^J^4VEll7} <?>EllLl-oil rll«|lA-1i- Tj-?] Afl 1 ?1 Ej e] sl His 15L 
-fEl 71-7] i^S«ol-4i 21*11 ^jipA tils ^ii}f-5l 7lll^lElel«j^ HlSlt 4-71 7111^3- tils is ^m^., 

4-71 7ii2t^ tils 1^ ^m^] fe^^t ^4i^s ojEiH strife ^^^^t^^^^j^ °i^f-4i 
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^^^} 7 

tS^El Slsfl tils ^l2?lElEli8^ -8-71 ^I2t^ tils ^sfloi- 

2, ^^71 ^iit^ «1S ^m^] ^^^s sfe ?iElH- ol2M# itsl-t ^i^t^f^^^ 
8 

^ll7«oHl 5lf>lAi, 41-71 ^d^^'-}mS.'^] ?i=^-3-Ell7} ^7j7jr:0] tflSl)A-li^ AT-y] ti^J]. O-g] aj^o]] 

41-71 .^11 42°J^m^ His tiiL^El '^1-71 51 7112^3- alS ti: S-Hllt# ^^i^^S. tfe °>Eim- 
9 

^I8ti SJ<>1A-1, ^27lollA-1 Aj-71 2t «1S 1# ^<H^ ^£S<j-^'>11 ^^t*^ SI<^ 2t 

tils ^^J^>fe ^iPjEleliS^ ajHs.^ ^j-q-o] o. ^Aj^i-^ ajH o]^]^ ^ ;^i-,i]oii n^s]. ^i- 

^^AS 0,1^ ^^c] tijH o^^jo^ i^^H, Aj-71 2t alS t# ^^^m 7ll2?lEi5]t8^ tilH§^ 

x^7l tijH ^ ^M^^^ ^J* ^J-Efl°11 451- ^j-tflai^a °1151 t^S tijH o^^jofl ^ 

^^IF 10 

-^j-tfl^ 0.S m^^S^M: 7Hfe ;^l2alS ^^3*}fe ^i^7l4, -8-71 ;^ll ^ ;^12«1S '3* zj-z]- oIe] 

5-l^«H ^ ^12?1E1E]1S^ «1S ^4 ?lEl5ltil5l-, xj-7l ^ ;^l2?lBl 5^ ^ «1S ^=>1?! 

ifi^iS-ili ^.^t}^ TgS7l# St*>fe °l*f-^cl ^ilt^li^l, ^oM ^11 ^ ^l2^lEi5]BJ^ HlH ^o. a| 

<HJ^ ?■ 7112] ?VE|q.:t-g- f.*Il x]4-.sl,7| ^1*11 ^3,7]s. 7ll§*l-t- t^li Jl-H^i, 

7471-0] o}eil4t2] ^ia.^E)];.ja_oi| n^e]- 4^7] .^fll^lEl E]tiJ ^1 His 7440] ojEii4^ mm His t 

^Hflsfii, ^d-71 7112^1 E]e]aj Si H|E 0|t 4M ?>ElKt ^ll2t^ HIS tf-S ^^7]^^, 

xj-71 z]-z]-fi] ^lElKMS. ^Hfl*V 4V7I ^flit's- His -ai-a]- 7l]2t'3- His ■gi-i: ^t*l-<^ HlS ^1- 

<>l*f-^Ali^e1lA^ 4<a=*V ^11^41-^11^1 m ^/^^ -^^1. 

11 

4m^] ^^71 s-t His 44^1 His ^fe ^J-7] ^^Bj-^i s]«ii ^tfl^i- a^io.s ?>E]m. 
o]ei]<il# -V-i^W?^^^ ol^f-^7,ii^oilA-i ci-ojzsv ^fl^Aj-Bnoii tt|.s t-iioiEl ^/^xi ;<j-^i. 

12 

7lllO«oHl Si^^-i. 41-71 ^m^, 41-71 7^ SJA^^ll 7^^011 4s 0>,|4^] tflSflAii^ 4-7] 711PJE] 

e]H]Sl ti]S IS^E] 4>7l Hl^Bj^^ll 5]S|1 7^*1]7! Bis ^"i^3] 7|101E]E]«]5) Al-71 H|E 

41-7] 7]l2t^ His 1^ ^^B11*M b;8o.£ ojBim- St^fe ^Sl^t4 
^^^^ °l^f-4lAl>.^o,iAi i:l.<a=*V ^11^41-Elloil 4a c^l^lEl ^/^7J ;j^i. 

^T^«^ 13 

412*}^] x^7l ^Hll7lfe, xj-71 ^^xj-B|];^;a^ol] 4a ^Jt-S-Efl?]- #^1 ?1:H114<^1 t^m^ ^J"?! 7ll2 

?]HielHolS HIS ta^El 41-7] ^aig-XJcll Slgj] ;g5|l^ HIE ^f^^^^S] 7ll2'?lEl5l'S^ H]S§4 -S"?] 7112^^ 

ti]s la ^m^, 41-71 Tiut^ His 1^ ^Bii*M s*-^ ^^°s. ?>eim st^fe ^s.^ 

m^^^ °l^l-XU]^^o)lAi 46^ft ^fl^xJ-Bflo)] 4s c-llolEl ^/^Al ^^1. 



^^-t 14 



m*M Sl<^H. 41-71 ^7]^. 41-71 41-^11 ^ili ^^^^7}^^}^°} ?>Eim-i cfl*ll7-li- 4-71 

m t^ii ai-i°ii i!i*ii 4-71 ^fli s -^i2?iEieiis:a i^LJfEi ^^7] 7|i ^ ^fl2*v'g- HIE <a-|. ^v^s, ^ 

15 

^114«J-i SJ-H^, -^^71 ^S7H1A^ St «1H ti: 4-71 ^ol^ ^S^j-^i ^Sti 4-71 St 

tilH ^^J*l-fe ^ll*jElel'SS ajHl:^ ^Hs] ^S T^J*>fe a]s fl^l^ 4-^lli t^cl" 4- 

^t''] ulH i^^M, 4-71 St ulH t# ^4^*l-fe ^]2^lEie1>g^ ulHS^ 

^^71 alS fl^ll- ^^Eflo,] icl-5]- 4-rfla)^£ o^is] ^f'l «]S fl^H "l^t* ^^i^S -^ki 

?>B114 '^Ell°]l- Strife ^^^W^^^ olf-f-^lAli^oflAi rl-'^^t Sll^4-E)lo,l tt^e t-llolEl ^/^Al 

16 

^<^£ ^ 7fl2] ?iElM-## St «1H ^1:^ 4-7] ^S^ St ajS 4-7] 

^Ss^o^ St «1S t^B^l-fe ^27|Sf, ^^7] St a]S la^BlS] ^ ^l2?lEl5]iS^ h|e 

7Mfe Glials ^3]- ^li^ASiiT:!- 4-^^A£ ^]2^AH# 7l-x]fe ^l2«m IS^^I ^ojc^l 

^iSl-7|# 5t*l-fe °l^f-^ ^^!^^l°ll^i, 4-7] St «1S 1#a-fBl 4-7] ^]i ^ ^]2?lEle]«]^ 

tils It ^£l*}fe f^^l Sj-^^i, 

7_i-zi-p:i oiEim-i:P^ ^^4-fll^ja.<^l 431- 4-7] ^VBlHls. 4-7] st «ls 11: zI-^-^s^eI ^li%^ 
E 14 7il2t^ Mis 14 ^elsfe 4^j4, 

4-71 ?}E114«£ ^5l*> ^Ut^ 13]E 4V7I 7fll<yEl£]aJ^i cff^s^t^. 4^4 ?>E|4^a ^51 

t> 7ll2t'3- «1S l^t 4-7] ^]2?lEl2l«]^ alE -IS. v\^S^t}^ 4;at ittt ^^i^a sl-fe ?}E]m- o]Ell 

«1# atsffe ^i^ti:]-^^^ =>]-i-f-4!^li^i^i 4*J=^ ^fl^^^^i f^S t-flolEi ^/^Ai sj-^. 

17 

^I]i6ti Si<^^i, 4-7] ^]i «]E 14 4-71 ^12 t-a- ti]s 1st at^l-^ ^P^^ at a]E i§ zj-zj-s] 
tils ^Ai^^ioflA^ ^s«j-^«i] 51^ ^^^jt ^;goa ^1-^ 0JB114 <^2i]°]-t ats]-fe ^J:^t4 

<>]^f-^A]i^oilA^ ^il^;^i-,l]oil */^^ . 

18 

^llieti Si-^-M. 41-4 ^d33^j-E]i^j±L<^i oi-g. ^a^4-Efl4 #4 °}E)14i 4*11 ^i-asl 4S l5LJj!-4 ^44 
4i<a44«J4 4S 1-gr 4^^44°ll^-1 4-g-lL> '^3.^}'A'=^\ m ^d*114 4S =^-4^?l 4i444«J4 4SS 
* 444, ^l2444«c)^J ti]E $7i]5|-4 ?iEi]4 <H?|<5i^ it*]-fe ^i^t4^^^ 

^ 4*1-^4^^'^]^^ ^-S^V 5fl^4-El]«11 4s ^]^]^ ^/^Al laj-^. 

^^«^ 19 

^11i8«oHl Si4^-1. 44 4§l4^fl4ai 4e 4*^^b)]4 #4 S4 ?>Bfl4i ifl^il at ^is ls^4 
^44fe ^^12444'S4 4S 1^ 4-4 ^^4-4^^1 4-§-^> 'SS'S-^i 4«fl ^«ll^ 4S =^4^4 ^12^44 
H]sst 7]-44, ^li°JEiiii«j^ B]s 14 S;^M4 S4t ^^i^s t}^ °>EilM- ats]-fe ^ 

i^ti^?^^ 4f-f-^4i^i^1 4-°J=t> ^lli4-^i n<']^ «<^^. 

20 

^]l9ti 514^1, ^^4 ^^4-e1]^:M.'=11 4^ i^'^m ?]:H]]4-i tflsfl 4-4 t4 ti]ti 4 

«ll 4-4 ^]i ^ ^]2?lEl4'SS tijE <^s.^^ 4V7] ^]i 5 ^12^3- ti]s It ^flUtt m^s. ?>El]4 
42]1^]# 5t«^fe ^i^t^f'^^^ 4^f-^4a^iAi 4oj=*> ^fl^Av^c:^] 4a t-i]4Ei ^/^^ 
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^^-t 21 

131- 41-71 ^inf^AHiLtf ^i-tfl^i^iL ?;-4 i2f-ii?-i- 42v\k is^fEi t-noio) «^ 

^ tils 14 4El*l-fe ^1-Sl^^l Si^Ai, 

7471-21 ^iEim-^iJl ^d^l^l-Ell^c^-ai 4^1- ^^7) ■?}Eim-tf5L 4V7I it His 1# 747|0.SJfEl 7111^3- 

^^7] ■a-^HM-'Ss- Tlll^ig- «1E ^5.0- ^j-7l ;qll0lElsllS^ HjE t^^^^y,^ Aj-y] 0>E|lLl-tf ^51 

t> 7fl2t>^ His 11:4 ^1-71 7ll2'aEl£ltg^ lalE .gs. cff^Sl-sl-fe Tq-f^Sl-7l# Stt4 'JlEllM- 

<^zii<^m strife -fi^wf^^^ oi^f-^j^ii^oiiAi cf'^j:*^ xfl^-a-Eii^ii tt|-& 

^^■^ 22 

7ll21«^i Sl-^^l. -'^71 7111 t'^j- «1S <i4 ^c^7l ^112 f3 HIS "164 2:t*>'^ ^^--i^t at His t§ 442] 

23 

4 7MB], 7il2?lElelH]^ His a^fl^xi s-^^a tVEim- ojEiioit strife ^-i^ti:]-^^ 

^ <>l^f-^Ali^oi|Ai Sfll^j-Eflo,! 4s tHlojEl ^/^Al ;J^1. 

24 

7il23ti siojA-i, Aj-7i ^?^Aj.E)i;gja_oii ni-s. ^^7j.Bii7i. ^;,i §^ ojEflufoii cD*!] 2t «ls 'ia-?-El 

^elSjfe 7il2?lEl£liS^ HIE 4^Ai;j^i6iiA-i ^}^^ ^3i^m<i\\ ^IS t-iltsl 7ll2'?lEle] 

H1SS4 7M^, ^li?]Ele]>8^ His 14 S7M^1 S44 ^^^s. i}^ at^l-fe ^ 

i^t4^^^^ ^l^f-^Aliu^oilA-1 r^^J:*^ ^ll^>8-^oll n^a r-llolEl ^^/^a] . 

^T^«J- 25 

7|24ti Si^HA-l, ^^7| 7d33/.VE|l7^i).^l lll-S 7<l^AVEfl7|. ^^jV^JcO] Ol-Efll4o|l rfl gfl ij-S^ St «1S IS^E^ 

42mm^ alS 14 ^c!-7l t^d^^liA^ ^-1-41} His^J-ili ^sl«fl l^sfl-?! ^IS ^-a^s] .7ll2'?lEl5l 

HJ^l HlSS^ 7Mnl, ,.1]lO]El5lHJSl His 1^ ^7^*1-7,1 oy^^ a^JOa ?}Bim- .^Irfloll- ^^^^ ^ 

i4t4f^^^^ olf-STOAliuflollA-] r4.g=t!- 5ll^Aj.Hfl<ii] 4= r^JolEl ;^^). 



<10> ^ ?>ei14# W>4 ^i^W^^^ ol-i-f-Al^li^«]l^i2l c-HolEl ^/^Ai^a-^i ^ ^^'S^l ^ 

«> ^AS, ag] ^ o. ^ ^igyjig o. a^*}^ ji^ c-UoIeI ^i^o)] ^tt i:-ll<=lEi =1^/^41 ^ n^^^d^ 

<n> ^If-f-AjAli^^ i7l2l 4^J fl^2] ^1^«:>D1 ^6)1A-| ^O]^ Z^O]^ A] H| i ^ ^Hl^lclol A-jSji 

31 Sfe HSDPACHigh Speed Downlink Packet Access)^ 3GPP2# ^^S-S. ^«JE1IL Qfe IxEV-DV-^^l iflt 
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§ 13 HjHltV ^£ yi^i 45 5Lt5l m, 14 A}^4 5 rf^;^^ ^>A^ 

ol lasfTll sir}. n^5}Ai, 4>7l2] 2^ r^lolEl Bfl^ A-laJiS ^fl^s}/] fl^A^ij 2^11^ 3-^1 

2^ tflojE^ sfl^ ^a*^!^^ ?I«J*}J1 Slfe 3GPP, 3GPP2a1|^ife 2]-g-^ai/^j:S|.7|,^ ^ 4t^ll^J* 

7lia(HARQ: Hybrid Automatic Repeat Request )<>1 f-f-^AS. $14. 

m. ■at'S: ^ol-7l em'HSl sr^f-H^jill- ^J-t^yal- m 7l^l5riS a-Zl 7]7.]3^^ ^>^7] u}*} 

HiS«]-i|3f ^11^^ ^jL7l2l slfe ^J^l^. HSDPASf IX-ETOViA-l feiJlsji^ rfi2:«^>Aj c^^ii^ 

QPSK, 8PSK, 16QAM ^ 64QAM -g-*! JLi\s\JL $1^^. sfl^ -fi7lsl ^itCCoding Rate)s.Tr 1/2 ^ 3/4 H 
^S\JL S14. 44^1 a)-§-^4S/^ifl-(AMCS) 71^4 ^}^t}jL SJfe Ali^o,|Aife ^ll^l- 7Mfe ^ti 

ifltflA-lfe jT^l- ^SBj-il(16QAM, 64QM)3f Jl ^jLt(3/4)# ^^*!-4. "-^^^^-S. ^sflii^ 7} 

^Ife iflSfl^ife /-i^l- ^i'S-ilCQPSK, mm xi ^it(l/2)^ ^^^4. -f^^^iS ^'M* 71-xl 

71^15^ ^t'^] € ^ siA«i, t^i ^-i^ ^ 

m ^ito] € ^ ^^i^ amcs 7i^^ j7^^^^i<^ii 9\^m 7i$«j-^»ii ^i^ii ^v^^a]^ 

<14> Aj-71 a^V^fl^j^. 71^^ i7lo11 7^^^ HlolEl Sfl^joll 0^7} t^Sm ^oM A^7f 3fl7jt S-^J- 

^v}o]^ 7lia(Chase Combining, "CCS ^«-), ^^^d-^] ^7} 7li^(Full Incremental 

Redundancy, "FIR"S. °1=t) S -r-^^ el'^'S^ f^7} 7lia(Partial Incremental Redundancy, "PIR" 
S ?l=t)AS =^ S14. ^^71 CCfe 4 ^-71 ^^2]- ^^1 «<^^«14. 

^A] r}6)iA-ife 711 ^i'^^ i7l 3fl54 ^«H>dt^s.^^ ^i7|s. ^g^E^fe ^is^- tilsal Ajs] 
xi^la^oj Al>-_f ^^^0)^^ ^r "1 i^, ^ 7fl2l 7^h>o1^ 

-S-A}*!- 5.471- if^Jsl-nS ig-3-2l^S. °l 3dB ^H^l S.^* <?^i: ^ Sl4. 41-71 FIR^- 

m r-fl^doll sll^i -t?-^7HlA-l t^J*l-fe °JilH|J=^i=L°J- "l^ol^d 31151^ 711 ^i*^l5^ *iL5L«l ^A] 
°11 9lir 4^7121 -fisl- ol^=-fCoding gain)* 7|lAdA|7:| ^^ij •i'-'?]<'14. ^. 4-7l ^1-S7lfe aj: a1 i7l 

^>ia&^.> 4^1e} Afls^ °oiolHlE§# «1^*^°.a«l ^aH^-S ^sS^ »R4 ^7}^^]^. 4i7l2l 
^^^^ ^>flAl7l^,7ll 514. ^l-ilajiiLsL >5i-£- -V-S#'^| 2l«> Aj^ o|iiLo| ^J-iL ai3].ol] 2]*; x^i= ^HiLrl- c-l 

a^fe 5i£- -f-i'^m^ilA-i o]v] t 444 -^J^ ol^-Sl: ^'■71 FIR£- cci 

131*11 c] Aj^^ 44'-J!4. ^J-71 FiR4fe "i^ ^J-71 PIR-& Ai ;^a.tilsi-4^1ls^: °oHh1hi-21 s 
t^S ^W^^A =fl?I^ 'S-^*14. "Ife 4^11 ifl«fl4fe 271 ^aa] 

2:t(Cunibining) til5.«l -^-71 CC4 -ir^t!- ^41- '^tII ^4. S^tK Af^SrH ^S-^ 

°-3.«l ^1-71 1R45L -S-Altl- £.41- "^^Tll sli:]-. AV7I PIR-& ^1-71 FIRa4fe t-'l 4i sl^l <ilH>aj 

is A„V7l FIR4 4M CC2] f^?]- ^H21 Aj^o. ^oj^Tll ^4. SW'S, ^Vl ^tAM'J^ 71 Aji^ o]5la,]H 
^^714 ^3.7] ^ Aln^^ ^ Al^^S] ^^cflAi Jl^Elol^,^ t 4«^''l S^HS *> 7}4« 

^°l-& °^ol 4^4. 

<15> A^7l ;^l-7l «J-A1^ ^^0^ aj-i-^^^ ^^^71 4t> ^^2] 

7lt^l4. ^4t> ^^71 ^ «j-All# It^A.] A}^^>^ Ali^S] AJ^4 3711 7llAjAl7^ t ^ ^, 41- 

71 ^-g-^^£/^i^«c^i|^l ^^11 si-t^ll^ ^a-*^ « Aii^ ^i7i2i ^s-^c] ^^s)^ OH 



<16> H 1^ 4#2l jia^ Bll^i tHlolE^ xl^^ ^Ai7l ^2^2] ■y i# }EAl*V ^olrl-. 
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7l -!fx7l6ilAi ^[oj^ 4V7I Jfxsl-l- f-t!- Jf-J:^ alHi-^ ■gEle^Hl (14)^ sjt 

^^Al^Jcl-. ^=1]^ ?1E1 el 131(14)51 71^^ siloing ^11^0,1 tfl-g-sl-71 ^^is. ^^J^i^l 

«1S^4 ^iS "^el t^^l^l t°S^ ^Al^il ^ life ^l-l- ^# ^ ^^71 9m 

^S7l(16)°1lA-l ^SSlOl ^^^i:]-. ^AlC^oflAi ^Al^ iifl^je] 7^ 

2, i^7} .^^ofllfe 71 ^1^^ tllolEls xfl ^^*>,i ^1:^. 4V7I ^fl ^1-71 7l#^ 4t 7] 

tfc^l ttl-el- 71^^^ nMB]3^ ^'g^v 7<i^ tHlolEl# -S^cccal ^-f)*}^;^! -^lli^ ^fli a^sl 

?i*(F]R PIR ^-fjt ^ Sii^. ^HM °1*^^ ^li^^^lAife Jl^S] ^^v]v]o] z^]o]^s] A]sl^^ 51^ 
^*fl 7<J-^t> ^fll ia^7|aol Jl^sicl-. Ai-7] a^7](io)l- ^«*l-fe 'a is EiiL ^S.7]9 

¥ 4^ SM. 41-7I EliL Jji-X7|# oi^sfij sflv^ iaig 7111^ -J-^ Ai^ni ^j-t^Hl^iS HIE 6i|elt(BER) 
'^l^i 4t tMKShannon liniit)i S'^^lt 'i's^ ^1°]^ tBl^ 3GPP ^ 3GPP2 

0)1 ^0] 41-7] HSDPA ^ IxEV-DV a^sfit 7^^S\JL Slfe ^J-ilol^. 

<18> 4I-7I Bia. -^i7lS] tajo. ^Ja-UlHS-fSystematic Bits)3f '=J'»lBlSS(Parity Bits)?- =^ Si^^. ^K?! 

^^a.«lSi:(Systematic Bits)-& ±L^217f 5>fe t-llolEl a ^Hl- SinltVcf. AV7I '^J <^ «1 SSfPar i ty Bi t sj^: 

^7l6llA-l 7^^ - al-Ajsl ellEl^ li^5f7| O-lSfl ^7fElfe oj ^1 Al^ojc^. AI-7I H Wife S^lEl'^l Jl^l ffeM >?> , 
-fi^tcff^^ti^ Oltf-'d^-li^aife ■^J-71 JfjL7l(10)L|li .Sj^7l7} StSl^ ^l-?! ?Ai}7]^ 

nfl« Ad?^7HlA-l Ajal^ sll^oll 0-1-51. 4V7| -Sll^ ^S7l(10)?l ^ t UlS °oH ^ISt 

<i9> Aj-71 ^fl^ B.i7isi A^Aii ^21-i- ^^^^I'S, 41-71 ^11^ -^471(10)^ -g^^ ^s.^ aniia 

(Systematic Bits)2l t(X)S.«l t?^?14. ^1 ^fl-'ll --n^ -^i^lf- f-sflA^ir ^i-^l "S?^?! ai^cii rfl^ll -fiSl-t 
^«ltAa^ ^ 711S1 Ajs. t:!-^ oJ<^nl'-:ir(P;iril> PilsJ^l 'it(Yl,Y2)i- '^7] "2^ ^ife ^1-71 

m ^i7l(lO)2l ifl^ ^lElelHla «JsMfiul-. -a- 71 Lil^ ?lElElBlo,i o] jfl oJeIeI^J^ a]^^ arfls olElelHJ 
:e ^ja. alEf-s] <i(x')a«l t?J;gi!l- ^Alo]| ^i7ls. <a^£lol ^ifl-l- f-«ll ^ 7l]2] A-la tzfa <y 

•^alSKParity Bits)S] 1i-(Zl,Z2)a«l t^j^li:}. 4i-7l ^iul ei:(Systematic Bits)2l •ai-(X, X') ^ ^j- 
7] 'S'^alSKParity Bits)2l ^^(Yl, Y2, Zl, Z2)^ ^ Ml-fs] ^^7lS. 41-71 ^^7lfe 

-^^71 ^lol«.(i8)s.-fEl5l ^HAii6,i 51^11 Aj^^ sll^(Puncturing Pattern)^ °1*^^M , ^j-7l ^fi-tilH^ 
(Systematic Bits)Sl t(X), Aj-7l 'yEl5l>S^ ^^al Ef.(Systematic Bits)^! KX') S Aj-7| ^ y^6^ 
S °J'^timi(Parity Bits)Sl 'i^(Yl,Y2,Zl,Z2)4 ^S^t^S^ ^aalS^al- OoHhIe^pJI: t^t 

4. ^J7l ^J^7H1A-121 SflEj^ Efl^ tA37HlA.l ^^«>7|1 m. -^71 ^i-Sfl^-g: ^it^l" 4t^fl^i 

^ v^^c^] m m7]7]] m. ^, 4M ^t^w* ii^^°i ccsi i^^i ^it^ ^ei- ^ji^yiEt^i- 

Oi«lJ=12l Jl^jSl TI-CS AV7l U|E# ^t]^t°£«l nfl A] ^0J^> 3Tfl7jt ^ 

^M^J, *1-t7fl?i^ 7lajol IRO] 7^ o.^ s.7]7l^ Alfe xJiiU|E^i^ »J^ylS#5-1 a^i^S ?I^*1-I1. Aj- 

7l iRo] P]R?1;^1 FIR?1^-H1 ttj-el- a1 ;^^iL«lHi-2l it "^■t-71- ^^^^1-. eWth Aj-7| pl^^. Aj.7] pj^ 
tq-'a=*v <>,HyiE^si atAS ^i-«ll#Aa^ -fifl- ^°lfe saf^ 7}^ ^ sir]-. 

^^71 ;<ll^ ^i7l(10)S^El #^Elfe ^SHlS^iil- ^HHlS^^- 01 El 131 (14)^ ^Q^m. ^J-7l '?lHli^l3l(l 

4)fe Aj-71 ;^jliHlt=-|-3|- ojolHlH^g^; ol^olXl Jf^Sl- tilS^e-ll cflSll o]El5lia-i: ^-el-Ai a1-7| 

°oHHl£#fe *t5l>^ *>M-51 tils ^S*l #^51^1-. 4-71 °lElel«J°l °1^^?I «1S€21 H 

-& iSa7Kl6)ii SJ^l^ll^. 41-71 1^2:71(16)^ 41-71 m7\{l&)&\ T'^^l 21*11 41-71 Jf- 

m «1S1:21 i^a^M iga Ajw:&£. tasj-uj.. Aj-71 igS7l(16)S.-fEl %^S\^ S24]iai-& ^I'S^ ?> 

Him- til- 71(20) -^ii m tim •^nm x^j*i-fe ^^s] ^in^^ 21-z,hi tfl-g-sH ^BMni-. 41-71 4 ipeim 

£ 2fe 41-71 H 1^ tSsH #31^ 4^41710]] rfl^tV =^=-417121 ^a^-I- aoln oii. cijiolrl-. 

Ao>7i 5L 2« ts*}^, «}M-2i ?>Hiiq- ^A^5}fe 4^21 ^A] o>^|4^^ ^^ ^^isi^i, 

^^71 ^41 oPEm-lia ^Al^ ^2 AJU^ ?PEliq-l EllolEl lt7l(48)S. "a^^Cl-. ^J-71 'LVeIH-I EllolEl 1 

t7l(48)fe 41-71 ^4! ^iHlH-fS ^AiElb ig^Ajig^o- jr}q-o^ it2 mm la t^f^Sl-sl-'^ 41- 

71 *>451 41^«S1 1^ *f£7l(50)a 7ll^Elol ^X17H1A1 A>^^ «i£B,VA]^| Sl^fl 
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<20> AS. 3.^ Sll5 t-HolEl ^4^4 fl^ ^^7] ^ =^^7lo1lAife ?i4^5>fe t-H^lEl?!- ±7§ Hits. «fl S] 7} t^J 

t ^JiLUlHl-iA-l -t^Jfi- 0115171- <gcilylES.o1]A-l t^3«> o)l5]iiT:j. ^.S|l olf.f-Al Ajiufls] a^^o,]a] ^Vtfl 

a^ilLS 3 nl^rf. ttf efA-] , ^jiHaj ojiLfe ^■gft °ll£|-i-i- -iV^lt^^ 7\^^^^, '^j cx) a] e§<^1 a-] * 

i£l7} ^ja.«lHliAi ie1a4 ^^EflalOS Cl 5i^cnj ^^J7|i= ^ o.^^ ^1 7^Sli}y\] 

^ SIM S ^ °lfe ^jatilHftol ^^21 o£ c^sic-loil |i <^tt '^.H 

tiis^a <st^ ^^m^s. t ^ SJ4. ^ °i-^fe 'a-71 <s^hie§oi ^ ^^m 1:1 

m ^Hl a.^^71 ^«11 ^71-Elfe oi^ai .fi^l- «lH§ol7l ttll^'=^ ^014. 

<21> 7l^i!l '^l-^-l-tl-^li'^^iq t-tl7ll- ^A^«l-t ^jEiBlHKMJb ^aBlH*3^ f^J3.51<^l 4] 

^^6} o>Ei|ul-ol u^H^i -JiiulH^sf oic^alH^oll/l al^^ ^l^S i^l?} * 

tilSSi^i ^]e]7} t^St a-tt t°a'>^ ^■li'^,^ --^iri- ir-S 7ltH lA^l-cl-. 

<22> m 4^ r-flolElS] ^/^Al^ «l^SA]AliEfl^|A-] xj^^ 9}^^^^ St^!" 

Bfl7} -^IMV: OJ01H1EE.S. xj^ cHlolE-lt ^ajsl-Ol t-llolEil- 5i4?Sfl51 

^^li tilSi fS^i, °J°lalH^^ 6\]^6\] ^i-tflajAs Vl^i-tt ^^1<>11 fg-t^-S^ ^I^^JS] Aj^ 

^ ^-s-^ia ^ m. 

<23> «M-> ol^f-AlAl^.^21 A^^^ t4Ul?l7l ^ t ^J-7121 7ltS^ IHS-J Af^Elol ^4. ^, i:]-^ ^Jb^.^ 

^1 isiBi --f 7it#o| tAHi ^ -iio] 7}^«> ^flisi m. ^^71S1 ^ 

<24> ^^71 -a^^ 71*21 ^t^fl^i* ^^m^/^m 7lt^ 2^ m f-4!°ll a<^^i ^1^^ ^«J°11 ^ 

t^l-i- 7>^^tl-. <>1S 7lt°ll fl^ Cl «<]-^# 37?>^}7l i.^01 ol^olxlJi 

9]T^. ^1^1 «^la ^11 t tfl ^M^l ^^^7} ^^t ^-g-^42/^i^(AMCS)2l 

cl ^=^2^=1 ElJl Si4. 

<25> m 7l;^1^3f ol^^i A}^5l-fe ^/^AlojEimsl rl-^ 7l]S ^r}Ol ^c]^ Bj-a^M ^1°JE12 

-a^H iL^ElH 514. 

<26> 4>7l 4^21 4=/^^?iEfl4€t 4-§-4°3 ?3*t nfl 4 ?1E14S21 ^fl-si-lbi-Elli:^ Ai7^>o)i i^el- i^tVi:!-. A1-7I 4 

?}Bll4ir?i Afl^SA^ Afl^Aj-^flS] y,}0]^ cf^J=^ 7}^ ^ Sl4. °1 ^ 44 4 ?>Ell4ft2l ^J*# ^ 

«ll Aii^ssi 4i-Bll# H«v ^ 7>4?> 71-42^ ^ SiTil Eia4. 444^ 4=^^21 

^/^-a^jEll 141-21 ^4^^J-E114 ^_l;3.til.M*4 'S'^sIHS'lV^ ^^^l-oi ^^^t ^ ol^<^^ ^ 51 

4. *}4^J, ifli 444fe 4 4^/^^?>Bll4S2l ^^^^7} v]^€^<^ 4^/'^^4!?l:tll4*4 
t ^ tiTll 1 "^^H 514. <>m ^-f'^lfe ^^4fe tilS§42l f^A£44 ?-^*M f^A£4 

41-71 ^a.tilss»il 131*11 -^-111^5.5. ^^^7} ^oi^ife <yoiHiE§s. i^i^o] «]. Ajigoi] t'S-^lfe 'S-'fl 

# ^Sll Al^^Sl A^^o, *J=^VAl?J ^ ^4. 

<.27> 444 4^21 ^/^-a^VEiHi-si ?i^4i-^114 4'S^7ll t^J4fe 4 ^-f^l ifl^fl -fr^*}?!! a) 

-l-t ^ Slfe 4 ^^2] ■g^7i- A^^4. 
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<28> mn, 4i-7itt m m ^ t^^si ^^I'^m 3£t*>fe ^^^t^f^^j^ 

ol^f-^^li^aal ^d*ll ^1^^^ ^J^* AflS^ EllolEl 5! aj-a^ ^11^*1-011 Si4. 

<29> ^ t^S] rl-s ^2^^ sfl^S] ^*^1-Bll7} ^J-<>lt# °1^«^H tHl^lEl ^^^i ^l^lfe m 

<30> S. rf_ 3-^^ sl-fe t-llolEl alMf.^ f^.ft.S^*!! tt|-5l- rfs. ^fl^ °- ?]:E| 

m^^, °i# ^ia "-im ?>Eim.#eii ^^sm f-t>*H ^^^^ s 'S-'S* 

<34> a- ijTga] 5 cj-a JiLaj 6^ 6>Ei]q^ f>l2llols 3£t*>^ ^i^rt^^f^^^ ^l^f-^^li^i ^i^^ 

SI- ffl-eF ^11^-S.E# 7Mfe ;^11B1E ^4 ;^^7i ^J-tfl^5.a :^1l2?^AHt 7^^ ^1l2Hl 

M t% ^iS^7|a^, ^VI .111 .ll2tilE « zvzvo. ojEje^HjeH ^ ^l29lEi2l«]s)_ HjE 

t^Sstfe ^JE15]H15]-, .111 Til xll2°!ElelHjg HIE «o. -ol^ ^2a^i1o,l o, ,„^^,_:. ,,,;^y|,L 

°l^f-<J *^^SHH, ^7l ;<111 5; 42^^^"%^ «1S ^i- ^ 7fle1 ?M;^-m^ ^ifl 

*11 m i€27la ,.fl^*l-fe Bj-'Si 51^, zt-zi-al ^fEflM-ts) ..d^-^J-Ell^jai n^ef ■'oM .flPjEiel^J^l uls « 
a^Els] aiEf-a] q-El-mfe .|i2t ^IS £fe 4i-7l ^1l2°]Elel«J^l hIh fa^Ejel «1e^s1 a 

t4 M-El-iflfe ^1l2at «1S 11- iEfe x111?]EielHJS His laf ^12'yElelia^ u|e <i_s.^-^s\ a] 
^Bl-^fe ^I32t alS l#sl m^}^, ;^ll £t HlSt afe ;^12 2t a 

^113 £t HlSt^S] zl-zl-21 ajE ^j-71 m^S. m. 

<36> 4^7R> 45}- ^J-^ ^^1* t^J*l-7l ?ltv A\2-^m f.'^. ^ ""M^ ?1#*U4 t-IMeI 1* ^<>1?! 

3^- 4af 7f4fe finals 4^71 .flltJlS^i:} ttflaji^i^ i2^A£# 7>xlfe .ll2al 

S ^4S^7laK ■'j-71 .111 5; ^1l2alS Hi ?lEieltii*}oi m :^l2?lEiel«Jsl als 

i&^Jsl-t qlElelBlfi}, 'd-71 ^fll .112'gEiElHjJEl HlH -g-g- ^-<>1?! aii"ol-ili ^1 Sfl aii^lt '^i^lt Stri- 
fe ''i^f-^a *^^>^Hi^i, ^lu 9^ HiH 14 ^^-^lii 71121 ?}E)ii4ti- ^i^m ^ 

n -^oVl ^S7lS -iV^^ll Sl-H^l, 2^-21-^ ?>^1im2] --^71 ^111?1E1C1>SS H|E 

«^ -3-71 z^z^s] ?l-Bliq-« ^nt-J- alH ^m^. '^71 ^l2*lEle]yj^ ajs 2^2^^^ 

x^^ HIE ^§0- 2:f-5-}ol at H]E .J^joi-cil ^1-71 i^a/lS. ;^11?-5l-t att-i: ^^i^s. 

<37> ^o>7R> a}2} ^aj-i- ^Aj5}7l ^ ^^^H , ^ t^l^ ^A^^^^} tfl^lEl ^o^^j if-s. 

SI- ^ll^AHl- 7Mfe 131- ^J-71 ^j-tfl^5.a ;^12^AE# 7^^ ;^l2a| 

E ^4^7151-, 4>7l :^ll ^ ;^l2alE f o. z]-zt- ?lEle]iii^H S ^l2?lEle|aj^ ajE 

t^<§«}fe ?lEl5]al5)-, ^j-7l ^ :^12'?]E15]>S^ HjE ^01^ ^£«J-il«11 sm ^2it}^ ^2i7]% Stsl- 
«l^f-^ ^^71 ^11 S ^l2?lBleia]^ alE go. a)<^]£ = ^flo] oVe^^.^^ ^^^1-71 ^ 

n B!27la ^fl^5}fe :^v^loii oiojA-i, 44^^! °>ElWia| ^d^^i-Efl^ili ^el- 4'-7| ;<lll<?lEl5l'S ^ alM 

«^ 4T-71 zi-zi-21 o>Bim-ii .iii*v=}- HIE ^m^.. 429^^]m^- «is 41-71 7^7451 oieim 

1 42m alS -S.^S JfHll^r>ij JfHfl7lsl-, 4>7l z]-42l ?>Efl4'ia ^^sflfl 41-7I al H <sS_§sl- 41-71 .11 

2«:'g- alE ats}'^ St «1S 11:4 ^3^,^5}<i] ^^7] aiS7lS 4=S-i[^ ^^^m^ Stt4 ^^ii^S 
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m. 

t tils 'T^^s., 2t tils lirt 41-7I ■a-BilM-'is. 424"^ at tils ll-l- #^sl-fe 

41-71 2t tils ta-^ElS] ^11 ^ ;^12'?]E1E]>S^ Bis c^'SElsl'SsI-'^ S ^l2ialH ^ o. * 

V^^mm^. ^J-71 C)0]El5]iSEl<^ t^Slfe ^llf^AEt 7Hfe ^lltilS l3f ^7l ^H^ASii:!- ^1- 
tflaj^S ^fl2^j5.Hl- 7Mfe ^]2^R I^.^El cllolcH «^ ^isfir ^3:Sl-7ll- if-^^r "l^f-^ "^^^ 
^1-^Hl^i. ^oi-7l at His ISS^Bi 4>7l 41 ^ ^112'aBlel'S^ tilH «^ ^e]5l-fe Zl-Z|2] 

?}Bim-s2i 4^^}mm m 41-71 ^^a^ ^j-71 at Hm z[z[5.£j?-ei «]]= 

7ll2t'3- tils 11- ^el«}fe 4^3}, *7l <L>Hl4'iS ^lUf* tilH cs^o. ^1-7, ^iiojEleiajs) 1 
a i:l-Wl-2, ^^71 9innts. tilS tlr^ ^^7l ;^l2?lEle|iii^ H|E «s cl-f^fl-sffe 3f^# 

.^ol-7lt> Hl-Sf i^-^<^*l-7l m 51<H. -& t-^* 3)^1 r: = 71155] ?}h1H-*A -f*ll «iiSl i 

t «1B '^71 BliSj it HIS 'Sl-t ^1-71 ?}EHrt^ ^i^lc^ 2:t ^1 S 16^ f SSffe 

*1-2:71S1-, ^1-71 at His -as-tfclsl .-lU -J 42°}^ms^ «] S i:] ?1 c] u] «1 ^fll 5? ■^ll2tilS li: * 
clo]El£lul5^, .^l7l CI^JEIEIHJEH #?^Elfe ^lU^i^HS 7^ ^fllUlH fs} ^^7] .^U^JlHi^ 4^ 
Tfl^l o_£ ^i2f'JlHl- 71-xlij .ll2H|c <asifEl [-llolol ^l-it7l# St*l-fe <^1*¥^1 T<J 

^^li^i, ^^71 ^llsat tils l^a^El -^-71 ^ ^l2?lElel^i^l UlS tl- ^El-51-fe ^J-^joll J^c^Ai, Z]-Z]- 

51 <'^n^m ^^^^ms.^^\ -s-^i i>eiim-is. >^^7i at tiis ^^^^^.^^n mm tijs 

14 ;<ll2-t'3- tils 11- ^el?^>fe «4f^s|-7l5l-, ^j-7l ^el^ ^Ut^ hIS ^J-7l 41"^^^ 

His is. q-f^Sl-t^, ^j-7l ^i&im-tf s ^iil«: ;ill2t^ tils ^j-7l ;^l2'?]tliil'a^ tils IS. q-f^ 

si-*}fe ci-f'fl-711- itt^ m. 

<39> ol§> ^ ^Al i# H^l- t2^}<^ ^i^^v^ rl-^sf ^4. 

<40> ^i^i^ife 7l#^ olf-71 -Prl^ll ^ «i^"ll Sl°l tt 711^1 tflS^o] ^Al e^l# ;^1a1 

t ^ol4. ^5lS f^^a ^1-^11 ^ flfe 4& €-^1 i*^- ^ ^^^i-M %7\ 

S>\ .^A] »,1^1A^ ^f-^^a 7l;.R-& ^t-t i°lBl^l A\n ^im i^l^rl-Jl, t-tl7HlA^2l t'^^J^i 

^J=^ pl'i 1 -J nioiEii ;^a.HlSl-3l- ■y^'^tilSl-s ^^*H ^iBKts. t-a-ElTl^, 4?-3l-*}ol t 

^3-11 71 ^ III , I ^inm-is m^A n A]°m%^ ^-m-k. a ^^^^ ^iEim-i 

^1* ?}eM .'II I iflsl ^Tlli ^a.ulsS'S ?l*sl7iq- ^-8: °oi<^uls6°J ?i4'Sl7lH t^l-. aeln 
^jiHiE-^ y-lH|L.. o| t^i «isEioi x].^s]7iH t4. at °lel« tHl°lEl 4t^^i*^l^i2l i7i 

i 1-0- II 1 - ^-i 411 ^ 34. -Hl^lEl* Aj-7|4 ^ol 6^E1 7fl2l EllolE] at°-£ ^ 

'tt ^1] Hi H* i-lEl ^i^i =^^7121 A^^o)) c^*j=^ f'A£7f ii-^ tHlolElS ^j- 

^'^iii n-'J 1-^1 ^Tf^l Hi ^ tl- ^^li ^o.^ ^Vtflai^a f^AH7} ^oIeIs ^^t4. 
<41> ^ t^S] ^Al e^lt AjTg5^7l ^ t^2] ^^0)1A^ 7HS1J1 ojfe . °1 5l t 7f^^ A^^o| 

m% fl*H 71-^t 3J°H, 01 ^oHA-1 f-Aj-o] xliio. ^W^, ^^H?] ^^01 7}^5}J7 ^ 

t^fi] AHV# 01^^:1-0] ^ofl D^El- -g-^^}^ 71-^^^1-1:1-. 

<42> 7ll^ ^i7lfe -fiSI-i: l/2Sf 3/4S. -f^l-ol 7l-^5H, ^auj-^ljo s.^ QPSK, 8PSK, 16QAM, 64QAM^ £fe 

1^ ^m^>42i 7h*>t:i-. ^-m <s i>2i- ^°i ^^^4. 







1/2 


QPSK 


8PSK 


16QAM 


64QAM 
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BPSK 
15QAM 



Tfllirl- Jifl^S] ^^0,1 c-l t 2]-g-Sl-J7, ^Al^j^o- *j=Aj-Al?lfe Sj-^^ ^l?.^. ^V7l ^ 7H ii>ilo11 Cfl^ 21- 
<45> -^j "3^11 'S-'g 

<46> ?i-?=l ^ 7^2] BJ-^I 5 "cJ-"?!^ f^ilSi m r^^ ^aHlHf.(Systematic Bits) 

4 °JoitilSl(Parity Bits)^ ^e^sl-o^ ^l^^^l-fe ^i^on. 

<47> ^^71 ^ sj-igoil TflSfl ^^flaj^S ^s^a^, ^iS|-i:ol rfl^J?] 1/2?] ^fl^ -^i^Ife 1 BlS^ 

«.>4 2 HISS] ^iSl- #^^4. "1 ^-f -S-^l 2 HjE^l -fiSi- HJH^ ^ 1 M| E ^ ^^-Hl 

s*l5i, 1 y|sfe -^oHylE^l^. ^i^toi 3/4^1 ^ifl^ ^i7ife 3 «is# °g 

?i o.^ Bj-s]. 4 H]H21 -V-iS|- «1H14 t-^tl-t}. ^7l «lHS-£: 3 HlHSl ^i«lHS3l- 1 '^j'^ 

4 OlsMfe ?i*«ll<^> t EllolEl# 0^5] 7112] ?>Eim-l-# ^AH WH £t 42]-2l ^i* 1> 

^fl^t f-^^l-^I 4?:'^] A ^% ^i-Hfli m ^isL 4* ^d^ 7}?!4. 

iL>°-]= 2 7fl2] ?iEfl^t# 4-g-1i4?^, ?1> 'JlElM-S^ %m [H,L]2} SjSl BflEj^ 7}ll ^ 

i:!-. ^7liA^ Hfe d^ ?iE]|4 41 o'l I 1 ' 11 HI 1 ^ot^4<^ d^slfe i^lEli^ ^1 

sl7} t^St ^t^MT 1"! IM «1 I lull - Ml M I irr}ji ^jeltm. nE^ji, l^I 

^ ?}^11M-t o II o J I UI^'U-l^l ' 1 1 ' 11^ H 10 Ll,i„l 11^3 ^^y\ HO] 7^^ Ojirm-a. 

4 i^lBiiAi 01|£]7^ t^Jt ^t°l ^4. ?i*^o^Efl7f 4H7i4 xl^. ^^^y} 

2l«>i:l-. ol alHf. ^0)1 A^ ^iiHlE#-& ^i*^i-Bll7} ?>Ell4o,i t^«]-^ ^Ais>ji Aj-^a) 

°.a f^AE7i- i<5ixife ■yt'^yiE^^ ^4^^J-Ell7} ?i ?>Eim-oii t^*|-<^ ^^^t-S-S'^i ^1^^ 

<49> iL>2l=, 1/201J1 ^dt ?>e1H-sq 4^7} 47fl'a "life 

<50> ?}Eim-t 47fl A}-g-t Ki ?>Eim-l-2l sfl^-S: [H, M, M, L], [H, M, L, L] , [H, L, L, L], 

[H, L, X, x] afe [1, 2, 3, 4] ^ SW. ^J-7l2l nm'^] "M"^ ^A^^A f 7j ^^H?! 

"L"^ yr^^M7\ 2]M*H, "x-fe ?i*5}7l7} ^^sa 4^^7} ^mfe 53t 4 

El-v£r}. 1, 2, 3, 4fe d4r'i!-Efl2-l ^cfl^j ^A^f. q-El-^flcl-. H, a*l«}& 1, 2 ,3, 4^ id^ifl 

^ 7J^1 y^^^^^m #^ 27fle] 4^ o>E)l4#^ ^ii-£7l- ^iHlJ=^^ ^it^S, 44^1 271121 7^ 
4^ o>Bim-s^ ^i,p.]^ f^J15L7} ^l-EflajiiLsL ■'JaltilE^^ ^^Am. ^14^ 4l-Efl7> IH, x, x, U^^^- 

^JiltilSS^ ?}Eim-2l 7j=^ Al-E]|7|. H?l ^d4^ ?>ElM-l-# 1^^ -^oHHjS^^ 41-EI171- L?] 

^14^ ?}Eim-l-^ l-5fl 4^7j«|.rl-. f^AH^ii 2i5|] Lfipol^ ^=1^ ^iElM^i EllolEll:^: f-^t .sfl^ ^lE-lelHj 
sflS ^ SJABl, ^Ai^oiiA-l cl5l i> ^ si^^ ^11^ ^A^m^n «S«<^ 

44 ^-§-^ ^4-. 

<5!> 4-§-^a, 'JlBim-'ia ^ah71- 4$ t-iioiEit ^^§i-fe '^-'a^llT-i -fisi-t<>l 3/4?] ^-f-^i tii«ii #Bia^ 

<52> 4i5l-t°l 3/401^ 3ylS2l 0131 ^iS. ylSl-oll ifl*|-<:>l 3B1S21 ^jaulE^sj- 1«1S21 ^^ylSl- ^jAj^^ni- 

oliifl 471121 ?}E1141:21 yd'^m BflS"! [H, M, M. L]4^ -^-71 ^^m^^-^^ ^1*447} "H" , "M" , "M"?l 
?}B1141- 4-§-44 ^14^5}-^-, 41-71 17112] °oHHlSfe ^d*4i-Ell7]- "L"<a -514^ °Am% l-*ll7-i ^14^44. 
44^1'^1 cfltt 4]^^ 4^ -5^44-4, ^14- ?iEim- ^7} #71-44h 4 ?iEll41r4 ^i^- 44 ^ 
ii4si4 'y44s§* ^^44 ^d^4fe ^4 7}^44. 
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<53> ^ ^4 "^'-'g 

<54> ^^^iA^S] ol^f-^Al^E^S] Aj^o. ^oji^ T 7H B^^l: f^ollAi ^ Hi^ BjH^t 

<55> ^^7] ^ 'S-^i tflSIl S.^ -T-^H^S ^iS|-i-°l tfl^l'?] 1/2?] ^-f ^47lfe IBlHSl ^ 

1^1 HSl "oHalHl- S-^tVc]-. ^iSl-t°l Bltfl^J*] 3/4?] ^-f sfl^^ 3H1H1- ^J^i^M 

4U1H^ JfiSl- ujE^^ i-^ttcl-. H-isj. ulsi^: 3U|H51 ;SiLulHS3l- lulssl <gc^ulE5^ 

1^. -e-^, -t7l <£ 1>S1 BJ-^I- ^ ^l-^t! WQAMi^l i}^^ -a^^ [H, H, L, ^^o] 47flii| alH ^ 

^IS S'Sl =^ 54Q,WlAife [H, H, M, M, L, L]^ ^<^] e/fliq aJS ^^)SL«1 Sli^. -^Vli 

^lI'S-^l^. kKH-I 'oi-tr^^S f^Jl*!: ^1=^ MlojEl H|J=i^ -aslH?} tils i=SAl?lj7, 
<56> Sl^flS, 1/2 -fiSl-taf IKIAM 'Si >S-i!t ^}-§-s}fe ^-f . *^7HlA^fe 2b1ho^ ^S-tiln^t ^ 

L"<^i T^nm. mm^ 4-g-5m ^i-t^isw. 

<57> ^ ^4^, 3/4 Jfifl- t4 16QAM t^^^ ^-fife ^^7l61lA-lfe 3.:^ 40]^ 7}^]^ "imm 

t ^^im. '^^71 7^°lt 7Mt. ojE^eli^t Af^spe ^0.0^, 51^ ^^^HiH^t oiE^e]HJ 

<58> ^7-], A^7i j7;g ^oi^ 7Mi- 'SElslHll- ^-f^i- 2^1 ^aalHS^ ojE^ellS §H ^SlE7l- 

7Mfe ^^^^ °J^5lfe ^aBlE^^l ^Sl- °JO^tilE§Sl 2l«fl 0]e1e]u]2] 

^o]^ 7}^t^z^. ^, 3BlE^ 'aa.ylEi-^ oiEiEii^isl-o^ ^ "H" yls ^^^^ v bis 

1U1EP-] -go^tilEfe M-Plxl s>4P-l vajE o^^lofl rfl^^Vrf. 

<59> ^1 ^^S., 1/2 #4 64QAM ^2 ^-f^l t4!7HlAife 2H1ep1 ^i«lE§o- A]5lH7l- 

^ 711S] BjE o^^l "H"^l 1«1ES] ^litijE^ A1S1H# 71-xlfe ^ 71151 BlE o^^l 

# ^ «}M-2l ylE ^^1 "M"611 nfl^«>tl-. 2ylE5l oJolalEf.^ vj^ ^ 71151 «1E o^^] "L"^] 

JL, q-Plxl l«lEfe AlSl£# 7Hfe ^ 71121 HIE o^^l^ ^pj^l Sfq-Sl ^lE o]^] "M"^l i^tV^. 

°Hfe ^°i7} Jim 9imm wfe m^m. 

1=11 fl^S 3/4 -^-iSl- 64QAM «j-^-a: ^-f, *^7HlA-lfe ^olf. 7Mfe olE^slHl^ A> 

m^]^ «^ 7Mfe ^lE^ElHl^ Af-g-t ^ ^14. ^^7] «°1« 7Hfe olE^e^Hl^ Al-^§}fe 

ife ^a.«lES4 Aj-71 AJ^ sfl^^ ^SlH7l- mm mS. i^S SlH^ -^^-71 ^ii«]E^3l- 

^7] °oHalSl-sl Bit* ^^*1-'^ 

<6o> ^ i^m T ^ . ^ 1 !-^ ^ m 

r^. sfl'ii'i ^i-^flfe 41-712^ 3i m «oi-*!4 ^ BoH'^i 2j^Mi tAjs|-xi ^>7i nfl^^^ii ^ »^^$] ?i 

*fl r|^J=*l TiJ^llr: Al^Eflo] ^j^^ oJxj^-ji^^L ^7^ H ^ Jl^. 

<62> ^ t^^lAi ^l^Vs^ji oi:g.f.XiAli^^ oVEflL} ol5|ol^ S^S^i. 7l^R ^ ^l^^^AS ^^J^r^. ^^7l 

4^ ?>bH# it^fe ^l^f-^Ali^^ Al^^^S] Aj^o,) c^*^^ n|^)J= ^JHO,) n^5^ t-)]olEi# 0^5^ 7fl 
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5] nt^S ^^m. m m 41-71 i:-llolHife f^Att ':Hl<'lEl ^Asfx) n-|-O.S ^ 

^7} 4^4. ^.X-l, 0>El)4tf ?i4?4l-tfl7} 3!4 41^ 5li'-S ^^^5J ^61]^ ?}^114«iS ^AH7} 

Aj-Efl7} 4t ?iB|4# °l-§-*fl^-1fe ^A5L7} loj.^lij t-llolEl# ?itt^4. 4^AS 4^ ^iBlMla 

?i*4l-Efl7} «|^47^4 ^ 4°l7> 37.1 t^ife 4^21 m^lEl ^Itt^S Hii^V Ttl] AlslH 

7} «1S ^^Hlfe ?JI«- r^lolEl «|J=# -M^^S. mSL7} His ^?.Hlfe 

7} ^gol^lfe rllojEl^ ^Airm. 
<63> 41-714 7^°1 ^ 7H Bj-il^ t^l A}^t =^ oii. ^i]i^6^ Ti^Ai-Efl B]|Ej^ [H, M, M, L], [H, H, H, Ll , [H, 

L, L, L], [H, H, H, H], IL, L, L, Ll ^4 ^}°1 m^^s] 7i^^^-}m ^^4 j-is] v]y} ojxj 
*M sSt ^^014. 2t Ti^i ?iEii4§<^ 7i^AVE|i4 £^ *7i4 2.^ 4t -^^ sjai ^iEiMls 

f^A£4 4* i:-ii<>iEi# T^eH ^d^m^ m m ^i^f-^i^i^^^si t4'-^i7j t ^4. «jflis 7<i 

* ?>Bll4lfi1 xd*^^^7} 41^ ^1=>1 1 ^^fe i:Hl<>lEl HIES] Aj^^ n] 

Es] fl^joii 4a zm sjEs] telsl-fe «<]-^^ o]^^] t^S^M ^ 514. «14 ^ 

^ ^4-<^lfe ojEim-tf ^a^l-o] ^^^i^ tij-Bj:^ ol2]2] oVeI^s a-si] xj^^l-i. c^lo] 

El timt 4lSii t44fe «J-^# t^l 4^4'^ t^^l-AlzI =^ SI4. 

<64> i# ir^l ^11^21 ^'^^^n 3flfi<5l [H M M L]?l ^-fife ^ ?1:b1144 i-fl 'di ^i^^ 'y:Ell42l ^i-J^-S- 

^7} 44 H4 L°l7i x^^oii ;sa.tilss^: ^ ?iEfl4« "i^^^^^^ ^ m 

^o)l *> ^ig iflollAl A1S1H7} His ^^life ^S-HlSl-l- f^-sU, 4!SlH7} HjE ^^lofl]^ o] 

tiis§# t*t>4. ^j-421 ^^fe ^s.m^] im H ^my] «oi-^°14. t>4 3/44 44 

^ 4>714 ^^1 ^ 7>4 ii>4S# *^4fe ^£ 4^44. ^, ^1 7fl2] ^jiHis^^ 5! ti^, ^ 

51 ^11 m 1>E14# ^^42, 4 Hj?fl xj^ ?>Eii4# *^4fe ^^t ^ a4. '>14 

7eJ°i 4^1^ 4-r3i ?VEii4toi 7}.a ^ m ^^^^m ^4 ^^4^ 

471 ifl^i sj-^d- ^ajs] ^^^i- 71-4 «1|$4. 

<65> aelji ?_> Ell 41-51 ^J4^^J-Ell4 #44 St 4# ^^'^m ?]:Ell4^a 4^4^ t-llolEl* 
4^44 4^ 4]« 4°11 ^J«^ ^^^4fe 4^1°11 44 4& 4* t^t° 

s«l 4=^ ^°lfe 4«14<^ 4*44. ^^"^SS^"! ^ 'S'^'^l -^fl44fe 7l#^ ^.44t 

4 4 ^i* 4Efl4« ^2, 44 nel-^i- ^ll^^sl 444 4*4eI1<^1 44 444i ^ gl4. 

<66> ^ tij-^oiiAi ^lov^^fe B^VAj^a 7|45^°l E-1|°|E1# 4*44 ^44B114 '^^ll'^l £fe 44^ ^44e11 

4# <>1^4^ 7l4€^Aa^Ei 4i# ^444. <=H, 4* 4e14 4 4* 4e14°11 44 4 

^"-M^ 7l44°114 4714 <']^^^] ^^34^ 7l4^^Aa ^^jEjfe ^fl^i- f-^ ?1S44. 7| 
^14^ ^^j4 ^144 °144^ 4 4e114^21 4*4Efli:# ^^42, 47] 4*4Elli:# 7i§ 
4^j44. 471 7j7jsj oVE|4|i 7i*4Eflfe e1|o|e1 4* 4^1* 4^j4fe 7l$oi ^4. 

44, 471 7|45^-& c]!s-'Sf^s.if-tj 4*4e)11- ^H^b^?! 4«ll4fe 47] "l^^^l 4e114'^ 4*4e)11- t^Jt 
^ flH^ 4'aS 4*4<^ ^<^4 44. 444 7l44-gr 4* 4e114^s t44 e-iIoIeI n.f-4 fll 
^1- 1-4 4^^S 4il- 471 ol^4^s *444. 4?! ol-i-4-& 4?! 4°a9J 4i« <>144 

^ 4^-°^ 4* 4Ell41-a- f-^fl ^44 4i¥-*1 4*4e11# <afe4. 4?! 4#4 4«11 -*1«fl ^^4 

4*44§ 45lfe 444^^ 4*44. 4?! 7144-& 4?! ^ai- ^44<^ 4 4e114^ 4*4^11§ 
444-^ 4* 4* H3rJ4 2-34 ':-11°1e1 HjE^o. f^At^ll 44 4e114# t4444 41 i44 ^«34 
4. 44, 471 =1*44 7}4<>1 47l 7|zi^i:LS 4*4 ^a^l 4^ 4* 4* SErJ4 alHlrol 4e| 
4 3it- <^i:i.]tv Biira 5<^1 sl*ll 414 ■^IKgsl'^ t4S 444 4 t- Sl^ns. 4 4^1141^ t-44 4i*€- 
42: 4 el n^m°] ^3.^i% -r S14. 
<67> c]i[ ^ t^^i 2]«fl, ^4 Ell^l4# 4^2] rHiojE] afirS ^214^, 4¥o14 Efl°lEl at#4 4 4* 4 
E1I4 is t4444 44 i4i Sl^l hIS 4^1# r44<^ 444^ 4# 13^4 ta4<^ 
4^44. a4 ^44 4 t^°ll-^1fe 7)444 <'l*4i4 */^44e114 <^sll<'14 °144^ ^"1^14 */^4 
4i Si-^ 4 4E1144 4* 4e11^1 44 ^js^ oi-g-g^i^ ^o,] ^j^sj ^joji:]-. ^514 4 t^i^ife 

4 4* 4E1144 4*4e111: 4^j4fe ^^li 44 ^2)4 4 ^^]o\] tt|-5|- 4*4eI1<H1 44 ^jiL^^ ?im ^^4 
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H^l^l^l MIMO Al>.B|6|lAi i:^lo)F:1o] ^JlSLl- ^^sH 7| 
<68> t^l7l^ ^^1- 

<69> £ 3^ ^ lJ-i^?il e]l<>ll ttfs ol^^f-AlAl^^BfliS] ^X\y] iio)i7 oli; H^^olirf. ^, 4I-7I H 3^ °J 

t-llolEl© ol^f-^AliEfls] ^j^. o>E|i4 <^Elol(72, 74, 76, 78)# f-*ll ^i4^5}7l i?1tF '^^7liil ^ 

<70> ^fl\i °]iac](60)fe ^iji^l^ sji] 7<i4.t i:11°lElt ^i§ji5.5L sfa, AVy] was^ij tllolEi# SHt o) 

iSHSfe Eia. iSH, ^liEiiia fittiipA:|^ i2H So] 514. AI-7I ^fl^ ?li2Cl(60)fe ^fsSl-t'^l fffe]- 

^11^ "JacKeoj-HlAi ^jAjE)^ ^iBis^sf 'S'^^lsis] laj^ i:i<5l4. ^. 1 HISS] cil^iBi HiE7f 

1, 64-2)S. ^Ajs]ol oii:}. ^lioiEls]Bl(64-l)ir '9-71 Sf-I- ^lElelyj^H , ^|2'?lE-l 5^ nl(64-2)fe "J"^ H| 

E§4 ^lElel^j tic}. 7llfi1 o]El£]n1(64-l, 64-2)<>ll 2]5ll ■?lEle|a ^ ^jaulHlal- <^Jo^h1e3.o. ayi^u. 
(66)S 'a^m. t^I -g:Hfl^(66)fe ^J-'l <yEi 5lHl(64)Sl- ^J-ol Lfl-^i =-^aj<y 4^2] >f (66-1 , 66-2)S 

a-7l ;Mr^l^(!u;-i, nn-2) ^7] o]Ej5]Bjs] ^h«ih^(s)4 t^i ^lEie^nisi -^cinin^^ 

(P)4 ^I'lJi'-CrfO)!^! ^Il'^i ^^1-11 ?lE|4liiL t^s) i^t^ ^m^^ ir^m. ^-^1 51^ •JHIIM-V^A fl- 

^slfe t ^^3} alHSal vfe 4i-7| -sfll ?l5Lci(60)2l Jfs^tsf s^n ^^^m. 

(66)7} 4I7I ?]Eleltij^l a-iSl. BlH^i- ojEflq. fjste ^-fa] ^fe 37}^l7} i^Rlr}. ^^-71 3 

7}^1 ^^fe ^d* ?>B114«11 iflSfl 4171 ?1E1E1«J^ ^i5} UlEt 0]E^e]HJ^ Sfe 

^Bfl^^}^ ^-f^W. ^J-71 37H aj^Eji^ ?>E11L}1.51 ^^^^J-^ojl 2]Sfl 

^^^1^. ^^-^^^7} *j=iti ^j4^ ?>EiiM.o,i ti\m^ ^m^-^'i^ ^nm. ^^^-^m 
m^] fife ?>Ei4'=fl m^^ ^A^m^ <'i<^^K^^^^^nm. ^e]^ ^^^j-^j^ ^oit 

B|i4o)i tflsflAife ?lEl5l«J^ ^aalSl-al- ?lBlE]aj:Ej ojoiialE^^ ^HflW. ?]Elel«JS 

^giHlH^o. ^Bflg].^ «.Hii7i(66-i)fe 4 ■a-BllM-'as. ^i-?] %■ Yisl- u|Ei-2i =^ sfe 417I # Jfis} 

tilE^Sl ti}^j3<il 7^±LHlEt* ^Hll*}7iL} OHI ^Hlli. #xl ^1= olcf. Aj-7| £ 3ollA^i^ AVy] ^ 

Bfl7l(66-l)SJf El 4 °lEflM-'SS ^HWfe ^JiLU|E:f o- "s Ant.#n" oj,^!^ , -J-7) "#n"^ 

^m^-] SJ,4. '6^7] H aollAife 'i^7l |:H|l7l(66-2)5L'?-Ei z| ?}e114^5L ^sflEjfe ojo^«|i=^ 

1- "P for Ant.#n" O-S Jt^lsfji o| o_c] ^ 71.7I cflAj- tI-J. 7.l7j§].ij oItji^ 5^014. 

1- zi- ^it ?iEim-lS4 ajE^gj ^wfltl-c}. 47| ^Hfljqfe4 ulEi- ojEielajsl ^iLBjE^, ojEls^HjE) ojo^al 

SI- Sfe 2tilS5l <aE}5]«El ^ji3.HlEf.3]- 2H|E2l olEjejigjg '^J S^") ^t?! ^^5} HlS^o) 1 ^ 
SW. °m tE-l ^AlHilLsL ^i^in, <^JM(72 , 74 , 76 , 78)21 dtlJ-Efl?} [H L M M]4 

#^><^1 ^<^1 sl-t^lt ^<>14. ^13 S 4^^^ '?>tim-l(76,78)4 f-Sfl^ife ^atilH^ 

2} -a-^alSli: W}-^ ^"l sl-t^lt ^o]^. m^^, ^Bll7l(66-l)fe S for Ant.li tflsfl 4h1e 

2] tlElelHj^ S for Ant.2»ll iflSflAife tlElEliS^ ^aHlSf. ^hUsJ-x] § o.b] , s for 

Ant. 33} S for Ant.4=11 2V]^S] ^sfl^rl-. a-Bi]7i(66-2)fe P for 

Ant. Ml m "^^m^ ^alltH ^2, p for Ant.2«ll t^m^ 4«lH2l ?lEle|iii^ 

^m^, P for Ant. 33} P for Ant.4<=11 tfl^flAife 2«1S2] ?lEle|iS^ °oHalSir# ^bRIt:]-. 
^^714 ^Bflfe ^H7l(80)i 2]Sil ^^^4. -^1-71 ;^H7K80)fe ^i^ <^511°1(72 , 74 , 76 , 78)2] ^ 

^-a-Kfli ^li^} 4 ^i^ ?>t11M-'iS. Al-^t 'SS'S-^i ^Hfl7l(66)iAis} cflojEl ■at-?]* 
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5M?Ii4. ^ 1>^51 4^] i^lAlij ^=1^ ?iElli4-§(72, 74, 76, 78)5] sia^^ol 16QAMJ5.S ^J^^fy] nfl 
&i z]- ^i* 4a|J=fi] ^=1^ ^0]^ ulsi- I:ig-§}7)1 z^cf. S*!-, Jf^Sl-to) 1/2017] nl]^o)| ^JiLal 

^it ■ji^HS'^ii m^}^ ^a-e ^<^i ^i- ■aEimiiL =^=83^-4. a^ii^i Jfjisi-^"! 1/20] 2 >?i 

tilH§3f %H«1H§-&^^71 4^-51-71 g ^^71(68)^^1 t^^m^^. "M, S ^12^1^ ?1:B114(72, 74)<^1 
44 <ge.^BlE=.<5i 4H1E t'g-sjol 5J7l t^^o)! s fyr Ant.l^f P for Anl.l^ 4-f^S|-*}'a ^ 

4alS"J- ^ id^fl ?]:ElH-(72)i ^^s\o] s/p/sgp for Ant. 1^1 t^^if^l-S. t^s) H, S for Ant. 2 
S\ P for .tat.21- 4f-S|-e}'a <y'=^«lSl- 4i3lS'i]: ^ ^A'^ ^An^mH t^s^o] s/P/S&P for Ant. 22] # 
?l^i-4S. ^^m. * tHl 4(76)2} 7|4 ^dir ?ltlMf78)o|l^r ^jiL«l3:i-t4 °5'°1«1S1:°1 44 2alS t 
^s\o] z| iVell^cIl 44S21 SSP (Systematic Bits & Parity Bits)4 'i^^^. #^1 ^I'-^llS'l ^'^14'^, S 
for Ant. 34 P for Ant.Sollfe 44 2i3lS2l iiH|E^4 oj.^uj^^oi $7,flsl-i^ti) , Ai-y] = 01330) 41-7I 4^ 
31-71 ^ ^2:71(68)^1 4^7] 4^5171 -J »aS7l(ti8)<=fl 9]Si\ 2H1HS) 7j ^a] H §3} 2^1 ^2] oj<^tilS§ 

01 ^a] 4HlEo| S&P4 S/P/S&P for Ant. 321 ^^^7~}S. MliiLfl44. 444Ai^ 71147^=^ "ii^lM'TSj slAl 7ll3 
^i"^ ?>^1]4(76)^ ^°^t> 4^* 7]^ 2 H1E2] ^a.4Sl-4 2tilE2) OoHHlSlri- 4'^Sl-sl-:a, ^J-?] 
ofl ttl-e 4alS7F i^^l sl-42] 4Jl-a>»l S/P/S&F for Ant. 421 ^^^7.}S. 2*!: £ 61- t^^H 4 

4 ^mi^n, 4 ^J* ?>Bll41a m t-H^lHlfe ^1-71 4^^-71 S ^271(68) ifl^ol4 ^^Slo] 

^i'^ ?}^114 t'&7i(70)£ "S?^444. 47] o>Eiia t47l(70)ir "J^?! 4 ^dt tll°lE-l 

tilSlt ?]:E114 ole]lol(72, 74, 76, 78)S .f-N-^i o]-o-4-^S =^444. 
<71> £ 5fe H 30l]A-l Sife 4^-^17121 ^^Jft aHfl7|(66)ol ^Vxfl rjiAjO- o]fe .t-^olcf. AJ.7I .t 5 

■=114 a.<^43 afe 44 4°1 ^flll7l(66)fe ^fitilSS* ^BMfe ;ql 1^131171(66-1)4 ^HalSS* 

^112^1311 4 (66-2)s. ol^<5l44. 
<72> 41-71 E 5t 424^, 7lllojEl&lHl(64-l)a^El2l ojElElaJ^ ^aa] Ei:(S)-& ^ll^sll7l(66-l)2l S^^AS 4 

^s]o] 4^ o>Eii4 z]-4 ^Hil44. 7|2'yEiElnl(64-2)a^El2i '?lElel'8^ <g'^HlSi:(P)-& ;^]2^Hll7] 

(66-2)21 ■a^^a 7llf-Sl0l ^=1^ OJ-ElLl- zj-zv ^Hll44. 

<73> ^7.], 471 4l^Hll7l(66-l)S "Q^Elfe 47l ^ja.i3lSl-(S)-gr 7lH 7] (80)<ill S]^ ^iHslfe i^^l(66-3)« f- 

411 471121 4B1I4S 44'=11 ifl-i-4«^ ^H)144. ^, 47l ^ja.HlSl-.& 711144^ 'itn^^ ^ja. 

tilSS(S for Ant.l), 7fl2?i4^ 4Efl4# f-«ll 44^t ^ja.u|EE.(s for Ant. 2), 7)134^ 4^1141- f-*ll 4=l^t 
^^a.«lSS(S for Ant. 3) 51 ^il4?14^ °>e)|41- f-sfl ^^^t ^jiii3lEl-(S for ,tat.4)S 4«1144. 44, 47l 
7111714^ 4E1141- l-*fl 4=S^t ^.a.ttlES-(S for Ant.l)-& 7|lHlsl(66-l-l)i ^i^sH, 7^-7] :^]2^^ 4 
E1141- f-*ll ^iiHlSl-(S for .\nt.2)-gr 7)1 21^1 (66-1-2)^11 oJ4 ^444. 47| 7ll3?i4^ 4e1141- f-*! 

4^^4 ^jiLtilHl-(S for Ant.3)-^- 7)134 s] (66-1-3)^ ^34 ^4=14, 44 ^]44* 4Efl41- f"*!] ^iS. 
tilH*(S for Ant.4)-e.- 7)1443] (66-1-4)'^] oJ4 44514. 44 7)ll4 s] (66-1-1) ifl4 44 ^]4h1s1 (66-1-4) i 

44 444fe ^iitilsi-4 ^fe 44 4* 4^1141-4 ^4 44 "9^4^ ^aa]se4 ^ ^ 44 4* 4 
^1141 4*4ifli 4«ll 44^4. 

<74> 44°-S, 44 424flfl4(66-2)sL "J^lsli. 7V7l '^JolH]EE.(p)^ 7j7| 7)lol 71 (80)011 4*^ 7lHjqi^ 7,01^] 

(66-4)1- 4*fl 471121 44^ 4^1141: 44^=11 cil-g-4'^ 4ii||44. 4, 47] °1oih|es.^ ^^h^^. 4i;ll41- 1-*11 
44^4 °oHalSS(P for Ant.l), ^1]24* 4^1141- -f^ 44^4 '3"^4H1-(P for Ant. 2), 7)|344^ 4i;il4t 
f-*ll 44't ^H^m^CP for Ant. 3) ^ ^144* 4E1141- f"^ 4tt '^'^^^^(P for Ant.4)a ^m^. 
m, 44 ^114* 4b1I4# f-^ 44^t <g<^BlSS(P for Ant.l)^ 7ll5Hl3l(66-2-l)o)] oJa] 44SI4, 44 
^124* 4^1141- 1-*11 4*t ^H«1S#(P for Ant.2)-gr 7)]644(66-2-2)oll oJ4 44^4. 44 ^1344^ 4 
H114# f-«fl 4*t ■g'^HlS^CP for Ant.3)-& 7)1743) (66-2-3) ofl °J4 44=14, 44 ^l44t 4e1I4# 
4*t °6H«1S1-(P for Ant. 4)^ 7)1 BajsK 66-2-4) o)l oJ4 44^4. 44 ^l5Hl 31(66-2-1) ifl4 44 ^l8Hl3tl 
(66-2-4) i 44 44slfe ^ii«lS#4 ^fe 44 4* 4^11 4^4 ^4 44 ^J^^lte 4a-a]Si:4 ^ « 4 
4 4* 4e1]4^ 4*4Blli 4«fl 4^44. 
<75> 4°11 4«11 ^144 87114 t^-g: 44^ 4tll4'is. 44^4 dlol^S- 4S4 4«ll 44 H 3-^14 5.4:31 4 
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<76> ^^7] t\^m ^ 1^^71(68)51 ^V^l ^^^^ H y^A-l ^olji 01^ Hi-s]. ^rf. ^^7] t\^m ^ i^a7l(68)fe 

^^71 H S^A-I ^all7l(66)a-^El M-& 871121 EllolEl# 'g^AS «^>iri:l-. ^J-7l 871121 ^o]^^ oVEfl 

27fl^^ ^-§-^1:1-. 4^1 m, ^ m m^mn m^^ ^m^m ^oH«isi«i m 

^ SJA^, M-^^l ^J* ?>ElM-#(74 , 76 , 78)«11 ^^^iE AA t 

^^<^ Si4. ^J-71 87fl5l t^lolE] ^liBlHlaf '^jolamsol ^-fi ^sl-^ife *^fl§M fe^t ^ 

£ 911:1-. °H1 iflt ^^^^ m% H 321 ^^^i^i fc2lEl<arl-. ^^k\ 5! Bi^7K68)fe 5l ^ ?1 

4^ ?}tim-(72)# f-*ii °<.HHmt# ^iii4?s^7i(68-ij2i- ^ ta«i -^i -a^i ^lein 

i 'S^Il ^it '?iElH(74, 76, 78)1- f-i-fl ?i-#t Ell<3|E-|l- cj-l-ol^f^fe ^1124^51-71(68-2), ^HScf^s]-?! (68-3) , 
7ll4T:l-?^5l-7l(68-4)S ^^jSlol 514. ^^y\i\ t^c\ -sJeI ^^sI-S Ssfl z\^^y\ ^ aia7l(68)fe Ml^f^l 4 
?]:Bll4i *11^5li^ #5^0] s/P/S&P for Ant.l, S/P/SSP for Ant. 2, S/P/S&P for Ant. 3, S/P/S&P for 
Ant.4t ifl-!f2|6.£ iJl-ol, oil- AA% '^271(68-5, 68-6, 68-7, 68-8)1- f-3|-^l?l ^«11^ 
^21- 'r«J«}<^ -^J-71 S/P/S&P for Ant.l, S/P/S&P for Ant. 2, S/P/S&P for Ant.3, S/P/S&P for 

Ant.4fe ^a-HlSl-sf '=oH«lSl:='l A^^^ «lSlt 2lnl^rl-. 
<77> 4-^17121 ^ 

<78> E 4fe S 3»1lAi ;i11?l-«l-fe <>l^f-^Ali^2l 4^Al7loil ifl-l-Slfe =^-^7121 =t^% ^f^%x\ . ^j-7l E 4'^lA-l E^l 

^^7121 H 321 ^Al7HlAi2l c^l^lE^ xj^^ ^^j-el « °1^<^^4. 

4I-7I =r^7lfe ^^iVEliq- olE)lol(ioo_ 102, 104, 106), 'A^A 5? ?l^fl4^ t^MEi ^^71(108), 4271 ^ 
^4^St- 71(110), 4f-Sl-7l(112), clolEieltildM) aelJi .sfl^ cl5Lcl(ii8)a 

<79> ^J-71 H 4# tS§H =r^7l2l ^''ll*! ^A^^, ^^7\^ 4^21 ?1-E1H(72 , 74 , 76 , 7 

8)1- f-^fl tHl^lElfe ^^7121 slEl^ olElloldOO, 102, 104, 106)1- 1-*11 =^^^^4. -^71 6\ 

511*1(100, 102, 104, 106)i^i ^ife ^11^ -=11^ S ^'J^ 'JlEll^ii c-llolBl ^f-7l(108)*11 2l6ll =^a1 a) 

S.% iHlM-ts. ^^4=^ 4271 ^ ^4f^Sl-7l(110)s.#^^i:l-. ^J-71 4271 g ^4^*1-71 (llO)fe ^ 

^7121 cl-f^Sl-71 ^ ttla7l(68)°ll ifl-i-Slfe f-21-4 "^^Sja^. ^J-71 4271 ^ ^4?^Sl-7l(110)fe -^71 ^i^J^ 
■ellM- °l^Jfl°l(72, 74, 76, 78)21 4 ^d=^ ^Vtliq-^^El ^4^:eJ HlolEi?} ^1^ ^VellM-^S *2l?l 47fl2l ^a] sS\ 
■^lEKS/P/SSP for Ant.l, S/P/S.SP for Ant. 2, S/P/S&P for Ant.3, S/P/S&P fur .Ant. 4)1- "^^B-^ f^o} 

S/P/S&P for ,Ant.l2l ^jiLHlS-g-^ S for tat.l ^^'^lA^ MliMlH, °j<^tilS-i^P for tat.l 

rfliLViq-. M-H^'IE 3l-^c3* 7i^ tS|Sl7l iiri 871121 #33^0] if^JSVi:!-. ^J-7l 42:71 5! 'At)^ 

f^31-7l (110)011 Ai 871121 t-a^^ 4f^S^7l(112)£ «g^?14. ^^7| 4f^Sl-7l(112)fe i^^i ;aiiH|S#4 

^J-^ami^Jt 4a «J:4, 4?^^7i #(112-1, ii2-2)a ^^sioi o^ti-. 

tilS## ^tb 4^S|-4(112-l)fe S for Ant.l, S for Ant. 2, S for Ant.3, S for .Ant.4S olf-^l^ 47111 

4?^^t> ^ ^aalEf-.^V a^sl-^ sl-q-s] f.^^ ifla^4. ^th <g<^ami:# m 4^*7l 
(112-2)fe P for Ant.l, P for Ant. 2, P for Ant.3, P for Ant.4S o\^-o\'^ 47111 4^g|-t!- ^ 

i °oHBlS#'?> $7|i4fe 4421 t^* iflfi.^4. 41-71 4f^s|-7l(ii2)£^Ei ;^ai3lH#4 "g-^tilHl 

clolElelHKlM)^ 44 'g?^44. ^1-71 irl^Jt^ElwldM) 5]a1 ;^iialE§4 ojo^«]EE.o. yxy^ t:lolE^g^tf 
4^4 4'r2l cl°]ElelBltfll4-l, 114-2)^ "^^'m^ fK^. 4 cl-aElelHldM-l, 114-2)fe "iJ^slfe ^ 
41 tiloiElit cjoiElelffl ^1]^ i:liacl(ii8)s. <a'N47J4. ;*11^ cii2cl(ii8)fe ^JiHlH14 °oHh1 
^^4-^ *J^^M ^11^ i^s^^ ^«St4. ^J-71 m cl2Cl(118)-l 714^ ?1* EllolBl2l 4^01 c\ 
^ol44. 

<80> £L 6-2: H 4011 HAl Si ^47121 ^ 4271 « S|4f^47l (110)21 ifl «- E^j 5} Jl oli^ H4'=>14. 

471 4271 4 9l4?^47l(ii0)-b 4t- 4^114151 v4sj HioiEii- 44 4e1141s ^^*114 424*!^ AV%- 
slfe 424-ili5-5L 421- 4*344. 427lfe 4t4 £ 721 427li i:)l-g-slfe 421- 7}44. 47l 427411 
47fl2l 427ll-(68-5, 68-6, 68-7, 68-8)°l AV-g-sl^jso] x^y\ ^;^y)^6\];.:\^ 47)121 a.2:7ll:(no-l, 110-2, 
110-3, 110-4)S 4^Jsl<^ Si4. 424 4* 4^1144 44 ^°]^^ S/P/S>SP for Ant.l, S/P/SfiP fur Am. 2, 
S/P/S&P for Ant.3, S/P/S&P for .Ant. 44 , °ll-& ^4f^47ll:(110-5, 110-6, 110-7, 110-8)^ 44 

'S^^4. 471 ^4f-S|-41-(110-5, 110-6, 110-7, 110-8)2)1 "J^^ ^4 44^11:^:44 ^a.til£lr4 
tilS^a ^514'^ #^44. 4714 ^4 ^4^-4 si4 47il2i 4^ 4^1141 =r4 ^<^m^ 4* m 
4^ =§iialsi-4 ^i-^ylsi-s 4¥°144 #5)44. 471 ^4f^441:(iio-5, 110-6, 110-7, 110-8) 44^ 
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ifl, ^^aalSS lEfe <^Jo^til]=5'i°l #^a5;]7^4 'g<iia|SS<'l altl- sasi ^ 51 





hi2 


hi3 


hi4 


1^21 


^22 


^23 


^24 


^31 


^32 


^33 


h34 


.^41 


^42 


^43 


^44 



<83> ^^71 <^si-il Ml^i sfl^S] ^:}«j= SA^^ q-Hl-iflfe HjLfe ''l-i-^^l sfl^ ^ iVEim-rt tHjojEl ^^7l(108)»ll 
ol« Stsl-fe Ali^S^ al^^r}^ ^r}7l <^n^ 2>^ m. 



<84> Y(t)= H(t) * X(t) + (N(t) 

<85> (^7]A\, ^^^}JL, Y(t)=(yi(t)y3(t)...y^(t))', X(t)=(xi(t)x3(t). . .x„T(t))' , N(t)fe 

AWGN(Additive White Gaussian Noise) n^^. 

<86> ^d* ^i^'^^m 44^fe ^iS-t "Water pouring"!- -'l-g-sfl 'S'im. */^^]7l ^fl^ 

2] tJi $I4fe "It °1^*H -g-t# ^o]t ^41- t =r 41-7121 ^4 

MIMO Al^t^^ m^°A f-*l] f-7H?l '^sj 7^s\ SISO(Single Input Single Output) ^I^^J °-a ^ 

^/^^ '^n<=]^ Stsl-fe ^ t^^^ Water pouring^ 4*^rH MIMG Aji^^ 4^2] SISO 

^l^^AS ^§*}J7, Z^Zl-2] 0>Bfl42] ^^3., Z\ ?>Eim.2] 

n^^^ ^i^-S-^llfe 4421 ?1:B114(74 , 76 , 78 , 80)7} t^W^ af^ l^sj-fec-H 4^^4. 

<87> oil- o]^ MIMO ^li^M r4^Pl SISO ^li^o.^. ^-^rsj-fe -f^KSW: Singular Value Decomposition)^: 

*}7l <=^«l-^ 3>4 ^0] ^rism. 

i^iH 3 
<88> H = UDV" 

<89> m Vfe ^"i ^m^^"]^, Dfe m ^151^1- Jife "0"?1 «JSol4. iS^l^fe ^ 

«3f "1 f-'oi- S^ll*}7l ttll^'^l 4^7=^4! ^'^ zl-z]- U"# MIMO "An^m, 75, 78, 80) ^ 

4 ^-a^i^iiM-doo, 102, 104, 106) ^ 2i-'er ^<^] SISO ^ii^s. ^i]m. 

-5[7] <^*[4i 4>3\ m. 



<91> <=^7HlAi, D21 tflzv A^H^ h'h^I Jl-i^^l2l .^l#eol4. ^<3-g-°l SJfe AWGN4 -Sri* 71-^ 
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A. 41-71 4^4 y]m\ 4^91 SISO AjiBfloi t:]-^ ojHiq- AliEfle] ^fl^-g-s^^ zi-zi-?^ siSO 
f f -^V 5 

C= Sl0g2(l+P ^\ k) 

<92> ^ 1 

<93> '^7liA-l, Xi, A„,ofe H^HS] JZ^^lf-olji, p^fe z]- ?>Bim-(74, 76, 78, SO)^^-] /,>^t =r Sife 

H7l<5ltl-. n,m^ 71-71- ?]:Bll4§(74, 76, 78, 80)21 ?1:b114(100, 102, 104, 106)21 

vl-Bl-iflnl, ^ 711 4^ =ri ^fl-a-Elfe ^J^21 2-^^171- «^^J§l-2 Jl-fr^l^J^^l ^4^^^ 5]:^ 

^ SlT^>. ^<H^ ^^fl^i^l ^iEim- "Hsll"! -^li^sl ^ll^S-'^* ^ifl*l-*l-fe Water pouring* 

<'1^*}«1 sfl^-g-^M ^tfls Water pouring ^^ m <^^^^ 6>3f m. 




<95> 41-7] <=^-Sl-il 6>^ U> \o2l -S^t ^^^1 OO-s. 017H1A-1, 4. J| 

i An$.S. ^sfl^lfe -t7l Water pouring^: ^=1]^°11 A ^J^^l^j* fS-^^l ^ll'd^^ -§- 

^^cl-. ^^71 <=^si-il 6>4 ^ol 44^ ^J* ?i&im-(74 , 76 , 78 , 80)21 ^^^J^^l ^R>=l'd, ^^^^^1171- 
4.4^3. a] 7l;^l^o.:£ S-^^tJ,, 

<96> ^oi Pirn ^i^im-rt ^t-a-^fe 71^roi eiioibi# ^i^^^a ^ ?>bih« t^ioiEi 

<97> a Ij-qjO^ AjA] H^^ 

<98> £ 8-& H S-^^l^i HAl ^ i o. o]*!. <,i:^f.AlAli^2l ^I'.aI?^!/^ =^^«jEli^ ol^-fAlsJ-ai o] ^^^1 -^It 

<99;> ^7.] °l^f-^l°l Al2l-sl^ i^lBl^ ^A]^ 71^1^^ '1-^7l?l °l*^iS. 5-1-42-1 n<=]T^] iS=j(Data 

stream)* ^J^J^l-fe ^i:?ll(140)l- '^m^. -^M ^^t t-H^l^lfe -fisl-fra sfl-J °lari(60)i slsfl 

slfe ci7ll(142)# 7i^, -fi^l-^J tflolEl iS^CData stream)* ^J-^^&i^. ^cJ-?! ^-£51-^1 t-ll°lE-l 
iS^CData streani)-& ^^A^ ^^^i %i=* "l^lfe ^ilf^] ^^^7} 4^. ^^aalSl^ °J<^m1S1 

S ^¥ol^ 271121 i;-ll<>lEl iS^(Data stream)* ^S^i^^ ^m^im 7]^. ^j-7l2l ^;^1(144)1- 7]^ Jfi 
Sl-^ 271121 c-llolEl ^^^{DaU stream)-^ 44 ^sfli ?lBle|iS* ^^M^ ^Mm-l, 146-2)# f-^l!-!^. Hi 
*!■ oiEi2l«3 El z|z|2l r-floiEl ^=Ha(Data stream)^ .^H7l(80)2l ^^9] xi=^ ojEflq-^ 

(72, 74, 76, 78) 44*11 "S^^ 'S^ 4¥<^7^| °yn^^ ^^^(Data streamj^S ^r]^^^ 

148-2)1- 7im. 'JlEllM-'i n<^m ^S^COata streani)AS M-t-I^I^^, ^jiLHjSl-sf ^' 
olB]HS6] zi- t-llolEl iS^gCData 5tream)-& 471121 a^I u-iE5j^(Sub-stream)i ^s1=1t^. "l^^-^ ^jiLtilsf- 

°] ^It ?iEll41S fiJ-l "A, ^'4 ?14r °}Efl4(72)-!j!-El Vi] Uj^tll ol.,;|q.(78)77|.x] J7Bl5}7l ttfl 

4-71 471121 A-ly-iHEJ^fSub-strearaJsL -g-elslfe 5lom. 4-7] •'joitilS^ si-N ^'iii}7\] 471121 A^ly-i 
S^l:(Sub-streani)S ^el^4. 4-71 # 871121 a-] u-iEejs(Sub-streaiii)4 ^IeIKMS t:}^s^s\<'] , 4711 
21 A-lii-iE5is.(Sub-stream)S y^m^^. °l?l-& 'JiEll^'ii^ ^jJialEf:* flfl- 5>42l A-lH-ina 
(Sub-stream)3l- oic«lBlSl:(Parity Bits)* 5I-142I a-1 y-iEa(Sub-streaiii)* t't'ia-71 nfl^i 0} 
BlM^a ^ 71121 AiB-iE^f.(Sub-streani)* t^^Ml ^rl-. ^aI t*>^, <^11* n^^}-^ Afla^ jr}q-2l 
A-lH.-^HEj(Sub-strea0)(l sub-stream for Systematic Bits*!- 1 sub-stream for Parity BitsS. 
^^), ^ sM-Sl iolEl iS^(Data stream)* ^^-m^. hH ^^«I1 S-n^ 471121 t-llolE^ iSl^i: 

(Data-stream) 21 ta* ^jHfe ^i7il(150)# 1^3f^4. 4-7l 471121 tHlolE^ iH=31(Data stream)* ^Ajgl-fe 
^^711(150) ^ife Aj-71 t-llolEi iS^as zj-zv^ «ia5l-fe 'a?ll(152)# Tl^lJi, ^^7l aissl n]o]^ iE^gl 
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(Data stream)^ ^A^ ?]:^I4<^1 ^i^^^l^ ^m^m m^^^ m ^(156)9 7] 

<100> £ 9fe H 4i ^ i olf-l-^^li^^Sl ^^7HA.] ^sjsli? <,lJ|.f.Al«j-iflfil 

<101> 41-71 91- 7l;^l5rJ^SJfEl ^4^^ r}^ yfli^ cIIoIeI i]=5]l:(Data stream)^ 7^ 

^^Aloj^flq. o^EfloKioo, 102, 104, 106)1- ^^Jsfe ^7)1(160)51- z[ ■y-tlK'i e11o)e1 ^-.^^^ 

(Data stream)^ ^51*1-51, ^a*>fe 7]7At\. %7] ^ ^VeIMI i^-H-^IeI iS^§(Data 

stream)^: ^a.ylSl-(Systematic Bits)^! StS y-iS^(Sub-streajii)4 '3<^«]SSo] A^u-iS^ 
(Sub-stream)^s. i+^ffe 711(164)1- Tl.?!^-. , 47^1 r^lolEl iE^§(Data streani)<'l 87ll«l A^a-iS 

^l-(Sub-stcani)S. "l* A^H-iS^S(Sub-strcajii)^ ^iiwlS** it^l-fe 47llsl aIh- 
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APPARATUS AND METHOD FOR information of the downlink to a Node B over an uplink. The 

TRANSMITTING/RECEIVING DATA Node B predicts a channel condition of the downlink chan- 

ACCORDING TO CHANNEL CONDITION IN nel based on the channel quality information of the down- 

A CDMA MOBILE COMMUNICATION link, and designates a proper modulation scheme and coding 

SYSTEM WITH ANTENNA ARRAY 5 rate based on the predicted value. The modulation schemes 
considered in the HSDPA and Ix-EVDV include QPSK 

PRIORITY (Quadrature Phase Shift Keying), 8PSK (8-ary Phase Shift 
Keying), 16QAM (16-ary Quadrature Amphtude Modula- 

This application claims priority to an application entitled tion) and 64QAM (64-ary Quadrature Amplitude Modula- 

"Apparatus and Method for Transmittingy'Receiving Data lO tion), and the coding rates considered in the HSDPA and 

According to Channel Condition in a CDMA Mobile Com- Ix-EVDV include V: and %. Therefore, an AMCS system 

munication System with Antenna Array" filed in the Korean applies the high-order modulation schemes (16QAM and 

Industrial Property OfEce on Jan. 7, 2002 and assigned 64QAM) and the high coding rate % to the UE having a 

Serial No. 2002-837, the contents of which are incorporated good channel condition, and applies the low-order modula- 

herein by reference herein. 15 tion schemes (QPSK and 8PSK) and the low coding rate Vi 
to Ihe UL having a poor channel condition. Commonlv, a UE 

BACKGROUND OF THE INVENTION with a good channel condition is a UE located in the vicinity 
of a Node B, and a UE with a poor channel condition is a UE 

1. Field of the Invention located in a boundary of a cell. Compared with the existing 
The present invention relates generally to a data trans- 20 high-speed power control method, the AMCS decreases an 

mission/reception apparatus and method in a CDMA (Code interference signal, improving average system performance. 

Division Multiple Access) mobile communication system, The HARQ is a link control technique for correcting an 

and in particular, to a data transmission/reception apparatus error by retransmitting the errored data upon occurrence of 

and method suitable for high-speed data transmission requir- a packet error at initial transmission. Generally, the HARQ 

ing an adaptive modulation and coding scheme. 25 is classified into Chase Combining (CC), Full Incremental 

2. Description of the Related Art Redundancy (FIR), and Partial Incremental Redundancy 
A moliilc communication system has evolved from an (PIR). The CC is a technique for transmitting a packet such 

carlv voice communication system that chiefly provides a that the whole packet transmitted at retransmission is equal 

voice service inlii a high-speed, high-quahty radio data to the packet transmitted at initial transmission. In this 

packcl commiinicalion system that provides a data service 30 technique, a receiver combines the retransmilled packet with 

and a nuihimedia service. Standardizations on HSDPA the initially transmitted packet. By doing so, it is possible to 

(High Speed Downlink Packet Access) and lxEV-DV(Evo- increase reliability of coded bits input to a decoder, thus 

lution Data and Voice) are separately made by 3GPP (3"* resulting in an increase in the entire system performance. 

Generation Partnership Project) and 3GPP2 (3"* Generation Combining the two same packets is similar to repeated 

Partnership Project 2) in an attempt to find out a solution for 35 coding in terms of effects, so it is possible to increase a 

a high^speed, high-quality radio data packet transmission performance gain by about 3 dB on the average. The FIR is 

service of 2 Mbps or over in a 3"' generation mobile a technique for transmitting a packet comprised of only the 

communication system. Meanwhile, a 4"" generation mobile parity bits generated from the channel encoder instead of the 

communication system is proposed to provide a high-speed, same packet, thus to im] jrovc a coding gain of a decoder in 

high-quality multimedia service superior to that of the i"" 40 the receiver. That is, the decoder uses the new parity bits as 

generation mobile commiinicalion system. well as the initially transmitted information during decod- 

In radio communications, a principal iaclor of impeding ing, resulting in an increase in the coding gain. The increase 

the high-speed, high-quality data service lies in a channel in the coding gain improves performance of the decoder. It 

environment. The radio channel environment is frequently is well known in a coding theory that a performance gain by 

changed due to a variation in signal power caused by white 45 a low coding rate is higher than a performance gain by 

nose and fadine, shadowing, Doppler effect caused by a repeated coding. Therefore, the FIR is superior to the CC in 

movement of and a frequent change in speed of a UE (User terms of only the performance gain. Unlike the FIR. the PIR 

Equipment), and interterence caused by other users and a is a techmque for h-ansmitting a combined data packet of 

multipath signal. Therefore, in order to provide the high- systematic bits and new parity bits at retransmission. The 

speed radio data packet service, there is a need tor an 51 PIR obtains the similar effect to the CC by combining the 

improved technology capable ot increasme adaptabiliiy to retransmitted systematic bits with the initially transmitted 

the variation m the channel environment m addition to the systematic bits dunne decoding. Further, the PIR obtains the 

general technology provided lor the existing 2 or j similar etlect even to the FIR by performing decoding using 

generation mobile communication system. A high-speed the parity bits. 1 he PIR has a coding rate slightly higher than 

power conhrol method used m the existing system also 55 that ot the FIR, showmg medium performance between the 

increases adaptabihty to the variation m the channel envi- FIR and the CC. However, the HARQ should be considered 

ronment. However, both the 3GPP and the 3GPP2, carrying In the light of not only the performance but also the system 

out standardization on the high-speed data packet transmis- complexity such as a buffer size and signahng of the 

sion system, make reference to AMCS (Adaptive Modula- receiver, so it is not easy to determine which HARQ 

tion/Coding Scheme) and HARQ (Hybrid Automatic Repeat 60 technique liest applies. 

Request). The .AJvICS and the HARQ are separate techniques for 

The AMCS is a technique for adaptively changing a increasing adaptability to the variation in the link environ- 

modulation scheme (or technique) and a coding rate ct a ment. However, it is possible to greatly improve the system 

channel encoder according to a variation in the downlinli performance by combining the two techniques. That is, if a 

channel environment. Commonly, a UE acquires channel 65 modulation scheme and a coding rate proper for a downlink 

quality information of the downlink by measuring a signal- channel condition by the AMCS, then data packets corre- 

to-noise ratio (SNR), and transmits the channel quality sponding thereto are transmitted. 
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FIG. 1 illustrates a structure of a conventional transmitter transmit the same packet at each transmission. However, if 
for high-speed packet data transmission. Referring to FIG. 1, the FIARQ type is IR (Incremental Redundancy), the punc- 
a channel encoder 10 can realize AMCS and HARQ under turer punctures the coded bits using a combination of the 
the control of a controller 18. The channel encoder 10 is systematic bits and the parity bits at initial transmission, and 
comprised of an encoder and a puncturer. If data proper to 5 determines whether to include the systematic bits at retrans- 
a data rate is applied to an input terminal of the channel mission according to whether the IR is PIR or FIR. How- 
encoder 10, the encoder performs encoding and provides the ever, the puncturer may puncture the coded bits using 
coded bits to a channel interleaver 14, in order to reduce a various combinations of the systematic bits no matter 
transmission error rate. The channel interleaver 14, a device whether the IR is PIR or FIR, thereby increasing the entire 
for coping with a fading channel, separates bits constituting lO coding gain. 

particular information (e.g., one word of a voice signal) from The systematic bits and the parity bits output from the 
one another as far as possible, thereby decreasing a prob- channel encoder 10 are applied to the interleaver 14. The 
ability that the information will be lost at the same time. The interleaver 14 interleaves coded bits comprised of the sys- 
interleaved signal is modulated into a symbol by a modu- temic bits and the parity bits. Therefore, the systematic bits 
lator 16 before being transmitted. A receiver then performs 15 and the parity bits are combined into one bit stream. The 
error decision on a received packet and informs the trans- stream of the interleaved coded bits is applied to the modu- 
mitter of the error decision resuh. If there is no error, the lator 16. The modulator 16, under the control of the con- 
transmitter transmits a new packet. Otherwise, if there is an troller 18, modulates the stream of coded bits by a prescribed 
error, the transmitter retransmits the previously transmitted modulation scheme and outputs modulation symbols. The 
data. For the retransmission, the transmitter may transmit the 20 modulation symbols output from the modulator 16 are 
same transmission data as initially transmitted data accord- distributed by a transmission antenna assigner 20 to a 
ing to the CC of the HARQ, or transmit new channel-coded plurality of antennas constituting an antenna array. The 
data according to the FIR or PIR of the HARQ. In the next distributed modulation symbols are transmitted through the 
generation mobile communication system, a more powerful associated antennas. 

coding technique is required for reliable transmission of 25 FIG. 2 illustrates a structure of a receiver corresponding 

high-speed multimedia data. A turbo cncodi;r is a typical to the transmitter described in conjunction with FKi. 1. 

example of the channel encoder 10. It is l<nnwn ttiat a Referring to I'Ki. 2, modulation symbols are received 

channel coding technique using the turbo encoder shows through a plurality of reception antennas constituting one 

performance most approximative to the Shannon limit in antenna array, and the modulation symbols received through 

light of a bit error rate (BER) even al a low SNR. This 30 the associated antennas are provided to a channel estimation 

channel coding technique is adopted for the HSDPAand the and antenna data classification block 48. The channel esti- 

IxEV-DV by the 3GPP and the 3GPP2. mation and antenna data classification block 48 multiplexes 

An output of the turbo encoder can be divided into the modulation symbols received through the reception 

systematic bits and panty bits. The systematic bits mean antennas mto one stream of modulation symbols. The stream 

actual data to be transmitted, and the panty bits mean a 35 of the modulation symbols is provided to a demodulator 50, 

parity signal added to correct an error generated during and the demodulator 50 demodulates the stream of modu- 

transmissKin at the receiver. I hou^h not dlustrated in l ICj. lation symbols into a stream of coded bits by a modulation 

1, the channel encoder 10 includes a puncturer m a CDMA scheme corresponding to the modulation scheme used in the 

mobile communication system. The puncturer sclcctivclv transmitter. The stream of coded bits arc provided to a 

punctures the systematic bits or paritv bits anions the output 4-j demterleaver 54. and the deinterleaver 54 deinterleaves the 

of the channel encoder 10. thereby satistying the determined stream ol coded bits according to the interleaving pattern 

codmg rate and demodulation order. used in the transmitter. The stream of the deinterleaved 

An operation of the channel encoder 10 will be described coded bits is provided to a channel decoder 56, and the 

in detail. An input signal applied to the channel encoder 10 channel decoder 56 decodes the stream of the deinterleaved 

is output as a stream X of systematic bits. A first internal 45 coded bits under the control of a controller 58 and outputs 

encoder of the channel encoder 10 encodes the input signal, the decoded data stream as received data, 

and outputs two different streams Yl and Y2 of parity bits. Commonly, in the case where errors occur in transmission 

The input signal is also provided to an internal interleaver of data at a prescribed rate in a transmitter and a receiver for 

the channel encoder 10. A signal interleaved by the internal high-speed packet data transmission, errors generated in 

interleaver is output as a stream X' of interleaved systematic 50 systematic bits exert more influence on entire performance 

bits, and at the same time, provided to a second internal of the mobile communication system, compared with errors 

encoder of the channel encoder 10. The second internal generated in parity bits. Therefore, assuming that the same 

encoder encodes the interleaved signal and outputs two error rate is maintained as a whole, if the errors generated in 

different streams Zl and Z2 of parity bits. The streams X and the parity bits are larger in number than the error generated 

X' of systematic bits, and the streams Yl, Y2, Zl and Z2 of 55 in the systematic bits, the receiver can perform decoding 

parity bits are provided to a puncturer in the channel encoder more accurately. That is, the systematic bits have more 

10. The puncturer punctures the streams X and X' of influence on the decoder compared with the parity bits. The 

interleaved systematic bits, and the different streams Y1,Y2, reason is because the parity bits are redundant coded bits 

Zl and Z2 of parity bits using a puncturing pattern selected added to correct transmission errors during decoding, 

by a control signal from the controller 18, thereby outputting w The interleaver 14 in the transmitter of the convendonal 

only desired systematic bits and parity bits. The puncturing mobile communication system performs symbol interleav- 

pattem used in the puncturer is provided from a puncturing ing regardless of priority (or importance) of the systematic 

pattern generator. The puncturmg pattern depends upon a bits and the parity bits. In other words, the conventional 

coding rate and the H^^RQ type. That is, if the HARQ type transmitter mixes the systematic bits and the parity bits, 

is CC, the puncturer punctures the coded bits such that the 65 segments the mixed data bits according to transmission 

systematic bits and the parity bits have a fixed combination antennas of an antenna array, and transmits the segmented 

according to a prescribed coding rate, so the transmitter can data bits through the associated transmission antennas. In 
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in antennas have different transmis- 
sion capabilities. Therefore, if a particular transmission 
antenna has a poor transmission capability, the systematic 
bits and the parity bits have a similar error rate, affecting the 
entire system performance. This means that the system f 
performance becomes worse than when errors occur only in 
the parity bits. Therefore, there is a demand for a technique 
for decreasing a probability that errors will occur in sys- 
tematic bits by taking into consideration a channel condition 
for the signals transmitted through the transmission anten- i 
nas, thereby increasing the entire system performance. 

Further, in a mobile communication system performing 
data transmission and reception using multiple antennas, in 
the case where transmission antennas have a similar channel 
condition, even though the transmission data is separated J 
into systematic bits and parity bits before being transmitted, 
a performance gain may not occur. In this case, it is possible 
to improve system performance by assigning (or mapping) 
the systematic bits to the bits corresponding to positions 
more resistive to an error among the bits constituting a 2 
symbol and assigning the parity bits to the bits correspond- 
ing to positions relatively susceptible to an error, during 
modulation. 

However, the above-stated techniques for improving per- 
formance of the mobile communication system have been ' 
used separately only. That is, in a mobile communication 
system using multiple antennas, there is not a case where a 
channel condition for each transmission antenna is applied 
using both techniques. 

The conventional HARQ and AMCS techniques have 
contributed to an increase in entire system performance in 
high-speed packet communications. In addition, many 
attempts are still being made for an improved method, for 
example, there has been proposed a method for changing a , 
level of the AMCS when a condition of a reception channel 
is changed during retransmission. That is, it is necessary to 
select an optimal transmission method according to a chan- 
nel condition at initial transmission and retransmission. 

In addition, there has been proposed a method for increas- ^ 
ing a data rate by increasing the number of transmission/ 
reception antennas used in Node Bs and UEs. In this case, 
since the transmission antennas have different transmission 
characteristics, future studies should be made into a trans- 
mission method considering the different transmission char- 4 



SUMMARY OF THE INVENTION 



When a plurality of transmission/reception antennas are 5 
used for data transmission, a channel condition for each 
antenna is changed over time. A difference ol' the channel 
characteristic or channel condition between the antennas a 
diversity. As a result, for data transmission through each 
antenna, several transmission methods depending on the 5 
channel condition are required. As circumstances require, a 
transmission condition of the transmission/reception anten- 
nas may be determined such that it is possible to transmit 
data by simply separating the data into the systematic bits 
and the parity bits. However, in some cases, the transmis- 6 
sion/reception antennas have a similar transmis.sion condi- 
tion, so it is not possible to determine priority of transmis- 
sion/reception antennas. In this case, it is possible to 
improve the entire system performance through a method of 
distinguishing only priority of the bits constimting a symbol 6 
and separately mapping the systematic bits with high prior- 
ity and the parity bits with low priority. 



Accordingly, it is necessary to estimate cases where a 
transmission condition of multiple transmission/reception 
antennas is diversified, and design a system that can be 
flexibly adapted to each of the cases. 

It is, therefore, an object of the present invention to 
provide a new data transmission/reception apparatus and 
method for improving entire system performance of a 
CDMA mobile communication system with an antenna 

It is another object of the present invention to provide an 
apparatus and method for classifying transmission data 
according to how much the transmission data affects data 
reception performance, based on the fact that channels have 
different transmission conditions, and thereby transmitting 
different data through multiple transmission antennas. 

It is further another object of the present invention to 
provide an apparatus and method for transmitting transmis- 
sion data bits through antennas having different channel 
environments according to priority. 

It is yet another object of the present invention to provide 
an apparatus and method for transmitting coded bits with 
high priority among transmission data bits through an 
antenna having a good channel condition. 

It is still another object of the present invention to provide 
an apparatus and method for transmitting coded bits with 
low priority amonii transmission data bits Ihrough an 
antenna having a poor cliaiinci condition. 

It is still another object oi the present invcniion to provide 
an apparatus and method for mapping transmission data bits 
to positions with different reliabilities of a symbol according 
to priorities of the data bits, and properly distributing the 
mapped data bits to antennas having different channel con- 
ditions before transmission. 

It is still another object of the present invention to provide 
a data transmission/reception apparatus and method for 
optimally adapting transmission data to a time-variant chan- 
nel environment during modulation based on a position of 
data bits mapped to a symbol in a CDMA mobile commu- 
nication system with an antenna array. 

According to a first aspect of the present invention, there 
is provided a method for providing first and second inter- 
leaved bit streams to a modulator in order to transmit the first 
and second interleaved bit streams through at least two 
antennas in a mobile communication system including an 
encoder for encoding a transmission data stream at a given 
coding rate into a first bit stream with first priority and a 
with second priority being lower than the 
interleaver for interleaving the first and 
second bit streams and generating the first and second 
interleaved bit streams, and the modulator for modulating 
the first and second interieaved bit streams by a given 
modulation scheme. The method generates a combination of 
at least one of a first combination bit streams representing a 
combination of bits Irom the fiist interleaved bit stream, a 
second combination bit streams representing a combination 
of bits from the second interleaved bit stream, and a third 
combination bit streams repre.senting a combination of bits 
from the first interleaved bit stream and the second inter- 
leaved bit stream according to power condition information 
of the respective antennas. The number ofbits in each of the 
first, second and third combination bit streams is determined 
according to the modulation scheme. 

According to a second aspect of the present invention, 
there is provided a method for providing first and second 
interleaved bit streams to a modulator in order to transmit 
the first and second interleaved bit streams through at least 
two antennas in a mobile commtmication system including 



second bit 
first prii 
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an encoder for encoding a transmission data stream at a 
given coding rate into a first bit stream with first priority and 
a second bit stream with second priority being lower than the 
first priority, an interleaver for interleaving the first and 
second bit streams and generating the first and second 
interleaved bit streams, and the modulator for modulating 
the first and second interleaved bit streams by a given 
modulation scheme, llie method comprises distributing the 
first interleaved bit stream into first assignment bit streams 
for the respective antennas and the second interleaved bit 
stream into second assignment bit streams for the respective 
antennas according to power condition information of the 
respective antennas; and generating combination bit streams 
for each antenna by combining the first assignment bit 
streams and the second assignment bit streams for each 
antenna, and providing the generated combination bit 
streams to the modulator. 

According to a third aspect of the present invention, there 
is provided an apparatus for providing first and second 
interleaved bit streams to a modulator in order to transmit 
the first and second interleaved bit streams through at least 
two antennas in a mobile communication system including 
an encoder for encoding a fi-ansmission data stream at a 
given coding rate into a first bit stream with first priority and 
a second bit stream with second priority being lower than the 
first priority, an interleaver for interleaving the first and 
second bit streams and generating the first and second 
interleaved bit streams, and the modulator for modulating 
the first and second interleaved bit streams by a given 
modulation sctierric. The apparatus comprises a distributor 
for distributing the first interleaved bit stream into first 
assignment bit streams for the respective antennas and the 
second interleaved bit stream into second assignment bit 
streams for the respective antennas according to power 
condition information of the respective antennas; and a 
multiplexer for generating combination bit streams for each 
respective antenna by combining the first assignment bit 
streams and the second assignment bit stteams for each 
respective antenna, and providing the generated combina- 
tion bit streams to the modulator. 

According to a fourth aspect of the present invention, 
there is provided a method for separating first and second 
interleaved bit streams from combination bit streams in a 
mobile communication system including a demodulator for 
receiving modulated combination bit streams through at 
least two antennas and generating the combination bit 
streams by demodulating the modulated combination bit 
streams according to the antennas, a deinterleaver for gen- 
erating first and second bit steeams by deinterleaving first 
and second interleaved bit streams from the combination bit 
streams, and a decoder for decoding a data stream from the 
deinterleaved first bit stream with first priority and the 
deinterleaved second bit stream with second priority being 
lower than the first priority. The method comprises separat- 
ing a first assignment bit stream and a second assignment bit 
stream from each of the combination bit streams demodu- 
lated according to the antennas based on power condition 
information of the respective antennas; and multiplexing the 
first assignment bit streams separated according to the 
antennas into the fust interleaved bit stream and multiplex- 
ing the second assignment bit streams separated according to 
the antennas into the second interleaved bit stream. 

According to a fifth aspect of the present invention, there 
is provided an apparatus for separating first and second 
interleaved bit streams from combination bit streams in a 
mobile communication system including a demodulator for 
receiving modulated combination bit streams through at 
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least two antennas and generating the combination bit 
streams by demodulating the modulated combination bit 
streams according to the antennas, a deinterleaver for gen- 
erating first and second bit streams by deinterleaving first 

s and second interleaved bit streams from the combination bit 
streams, and a decoder for decoding a data stream from the 
deinterleaved first bit stream with first priority and the 
deinterleaved second bit stream with second priority being 
lower than the first priority. The apparatus comprises a 

10 demultiplexer for separating a first assignment bit stream 
and a second assignment bit stream from each of the 
combination bit streams demodulated according to the 
antennas based on power condition information of the 
respective antennas; and a multiplexer tor multiplexing the 

15 first assignment bit streams separated according to the 
antennas into the first interleaved bit stream and muhiplex- 
ing the second assignment bit streams separated according to 
the antennas into the second interleaved bit stream. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention will become more apparent from the 
following detailed description when taken in conjunction 
25 with the accompanying drawings in which: 

FIG. 1 illustrates a slmclurc of a conventional transmitter 
in a CDMA mobile communication system with an antenna 
array for multi-path transmission; 

FIG. 2 illustrates a structure of a conventional receiver in 
30 a CDMA mobile communication system with an antenna 
array for multi-path transmission; 

FIG. 3 illustrates a structure of a transmitter in a CDMA 
mobile communication system with an antenna array for 
multi-path transmission according tu an embodiment of the 
35 present invention; 

FIG. 4 illustrates a structure of a receiver in a CDMA 
mobile communication system with an antenna array for 
multi-path transmission according to an embodiment of the 
present invention; 
40 FIG. 5 illusteates a detailed struchire of the distribution 
block illustrated in FIG. 3; 

FIG. 6 illusttates a detailed structure of the demodulation 
and demultiplexing block in the receiver of FIG. 4; 

FIG. 7 illustrates a detailed sfructure of the multiplexing 
45 and modulation block illustrated in FIG. 3; 

FIG. 8 illustrates a commtmication process performed by 
the transmitter according to an embodiment of the present 

FIG. 9 illustrates a communication process performed by 
50 the receiver according to an embodiment of the present 



DLlAlLliD DliSCRlFl'lON OF THE 
PREFERRED EMBODIMENT 

55 

A preferred embodiment of the present invention will be 
described herein below with reference to the accompanying 
drawings. In the following description, well-known func- 
tions or constructions are not described in detafl since they 

60 would obscure the invention m unnecessary detail. 

In the following description, the present invention will 
provide one typical embodiment in order to achieve the 
technical subiect stated above, and other possible embodi- 
ments will be mentioned during a description of the present 

65 invention. In the embodiment, a Node B performs channel 
coding on transmission data, separates data that may affect 
reception performance at a receiver into systematic bits and 
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parity bits, and assigns or multiplexes the separated bits to have different transmission conditions according to condi- 

corresponding transmission antennas. That is, the transmis- tions of their radio channels, since the transmission signals 

sion data bits are assigned to the transmission antennas in transmitted through the transmission antennas pass throush 

such a manner that only systematic bits or parity bits among different radio channels. If two transmission antennas are 

the data bits are transmitted according to a channel coding 5 used, the transmission antennas may have a channel pattern 

rate, a transmission condition for each transmission antenna, [H, L] or its reverse channel pattern. Here, "H" means that 

and a relationship between transmission conditions of the a channel condition where the data is transmitted through the 

transmission antennas. Alternatively, the systematic bits are transmission antenna is good, so that there is a low prob- 

modulatcd together with the parity bits before being trans- ability that an error will occur in the transmission data. This 

mitted. In addition, such data transmission can be used in the i j is defined as "good transmission condition" or "high reli- 

same maimer at initial transmission and retransmission in ability." Further, "L" means that a channel condition where 

the HARQ. The transmission data is separated into several the data is transmitted through the transmission antenna is 

data groups m such a way that if a transmission data group poor, so that there is a high probabihty that an error will 

greatly affects performance of a receiver, the transmission occur in the transmission data. This is defined as "poor 

data is classified into data with high priority, and if a 15 transmission condition" or "low reliability." In this case, 

transmission data group only slightly affects performance of systematic bits with high priority among the coded bits are 

the receiver, the transmission data is classified into data with assigned (or mapped) to a transmission antenna with a good 

low priority. transmission condition, and parity bits with low priority are 

Prior to a description of an embodiment of the present assigned to a transmission antenna with a poor transmission 

invention, assumptions used to realize the present invention 20 condition, thereby increasing system performance. An 

will be summarized. Such assumptions are made for con- exemplar)' method of assigning data bits/symbols to trans- 

venience of explanation, and it would be obvious to those mission antennas according to a coding rate and a transmis- 

skilled in the art that the specific values can be changed sion condition of the transmission antennas will be described 

without departing from the spirit and scope of the invention. herein below. 

It will be assumed that a channel encoder can operate at 25 It will be assumed that a coding rate is Vi, and the number 

a coding rate of and Yi, and support some or all of of transmission antennas is 4. When 4 transmission antennas 

modulation schemesof QP.SK, 8P.SK, I fifJAM and 64QAM. are used, a transmission condition pattern of the transmis- 

Therefore, a coding opcralion is divided as illustrated in sion antennas can be determined as [H, M, M, L], [H, M, L, 

Table I. ' ''''''' 



n condition (poor reliability), "H" means a 

\ high transmission condition (high reliability), and "x" rep- 

Scheme"™ resents a bad transmission condition in which transmission 

° ™° is impossible. In addition, 1, 2, 3, and 4 represent a relative 

a order. No matter whether the t 



^^^^ conditions are represented by H and L or 1, 2, 3 and 4, two 

transmission antennas with a good fransmission condition 
3/4 QpsK transmit systematic bits with high priority, and the remaining 

8PSK two transmission antennas transmit parity bits with low 

iSQAM 43 priority. If the transmission condition pattern is [H.x.x.L]. 

^'^^'^ the systematic bits are transmitted through transmission 

antennas with a transmission condition H, and the parity bits 

Tlie present invention mixes two methods for improving are transmitted through transmission antennas with a trans- 
the entire system performance, thereby providing a method mission condition L. In addition, data bits separated accord- 
that can more adaptively cope with a change in a channel 45 ing to priority may undergo channel interleaving and modu- 
condition and improve reception performance. Herein, a lation in the same way. Alternatively, the data bits may 
description will be made of a system and method that uses undergo channel interleaving and modulation in different 
each of the two methods of improvement, and a system ways, if a receiver previously knows the channel interleav- 
proposed by the present invention. ing rule and the modulation scheme. 

First Method 50 Next, a description will be made of a method for classi- 

A first method is to distribute systematic bits and parity fying data bits with different priorities according to trans- 
bits that were separated according to priority to correspond- mission antenna for a coding rate of Va. 
ing transmission antennas based on current channel or If a coding rate is %, the channel encoder generates 3 
antenna performance. systematic bits and 1 parity bit for 3 input information bits. 

A detailed description of the first method will now be 55 If the 4 transmission antennas have a transmission condition 
made. If a coding rate is a symmetric coding rate of Vi, a pattern [II, M, M, L], the systematic bits are transmitted 
channel encoder receives 1 input bit and outputs 2 coded through transmis.sion antennas with transmission conditions 
bits. In this case, 1 bit out of the 2 coded bits is a systematic H, M and M, and the 1 parity bit is transmitted through a 
bit and the remaining 1 bit is a parity bit. If the coding rate transmission antenna with a transmission condition L. The 
IS an asviinnelric coding rate of %, the channel enaxler 60 other description is similar to Ihe foregoing description, and 
receives 3 mput bits and outputs 4 coded bits. The 4 coded even though the number of transmission antennas is 
bits are comprised ot 3 systematic bits and 1 paritv bu. mcreased, it is possible to separately transmit systematic bits 

As stated above, the present invention is applied to a and parity bits according to transmission conditions of the 
mobile communication system with multiply transmission transmission antennas, 
antennas, or an antenna array, and the antenna array simul- 65 Second Method 

taneously transmits transmission data through several trans- A second method, among two conventional methods for 
mission antennas. In addition, the transmission antennas increasing performance of a mobile communication system 



us 7,016,658 B2 



11 



12 



at a receiver, is to perform differential symbol mapping on 
coded bits by a prescribed modulation scheme according to 
priority of the coded bits. That is, coded bits with high 
priority among the coded bits are mapped to bit positions 
with high reliability, and coded bits with low priority are f 
mapped to bit positions with low rehability. 

A detailed description of the second method will be made 
herein below. If a coding rate is a symmetric coding rate of 

the channel encoder outputs 1 systematic bit and 1 parity 
bit. If the coding rate is an asymmetric coding rate of %, the i 
channel encoder receives 3 input bits and outputs 4 coded 
bits. The 4 coded bits are comprised of 3 systematic bits and 
1 parity bit. Meanwhile, in 16QAM, one of the modulation 
schemes in Table 1, one symbol can be expressed with 4 bit 
positions such as [H, H, L, L], and in 64QAM, one symbol l 
can be expressed with 6 bit positions such as [H, H, M, M, 
L, L], Here, "H," "M" and "L" correspond to reUabiUties 
determined according to positions of a plurality of bits 
constituting a symbol. Therefore, transmission data bits with 
high priority are mapped to bit positions with high reliabil- 2 
ity, and transmission data bits with low priority are mapped 
to bit positions with low rehability, thereby improving entire 
system performance of the mobile communication system. 
Now, a brief description will be made of symbol mapping 
based on each of the coding rates \'i and and the 2 
modulation schemes of 16UAM ami (i4QAM 

First, when using a coding rale and a modulation 
scheme of 16QAM, a transmitter maps 2 systematic bits to 
two bit positions "H" with high reliability, and maps 2 parity 
bits to two bit pusiiions "L" with low reliability. In this case, 3 
it is preferable to use an interleaver with a fixed length. 

Second, when using a coding rate % and a modulation 
scheme of 16QAM, the transmitter can use either an inter- 
leaver with a fixed length or an interleaver with a variable 
length. When the transmitter uses an interleaver with a fixed 3 
length, an interleaver length for interleaving systematic bits 
is equal to an interleaver length for interleaving parity bits. 
However, when the transmitter uses an interleaver with a 
variable length, an interleaver length for interleaving .sys- 
tematic bits may be different from an interleaver length for 4 
interleaving parity bits. 

When using an interleaver with a fixed length, the trans- 
mitter maps 2 systematic bits to 2 bit positions "H" with high 
reliabihty after interleaving, and maps the remaining 1 
systematic bit and 1 parity bit to 2 bit positions "L" with low 4 
reliabihty after interleaving. Therefore, when a length of the 
interleaver is fixed, a structure for distributing the same 
number of coded bits to a plurality of interleavers is 
required. However, when using an interleaver with a vari- 
able length, the transmitter varies a length of the interleaver 5 
according to the number of input systematic bits and the 
number of input parity bits. That is, the transmitter maps 3 
systematic bits to two "H" bit positions and one "L" bit 
position after interleaving, and maps 1 parity bit to the 
remaining one "L" bit position after interleaving. 5 

Third, when using a coding rate V4 and a modulation 
scheme of 64QAM, the transmitter maps 2 systematic bits to 
two bit positions "H" with high reliability and the remaining 
1 systematic bit to one ol two bit positions "M" with 
medium refiabiUty. Further, the transmitter maps 2 parity b 
bits to two bit positions "L" with low rehability, and maps 
the remaining 1 parity bit to the remaining one bit position 
"M" with medium reliabihty. In this case, it is preterable to 
use an interleaver with a fixed length. 

Fourth, when using a coding rate ¥4 and a modulation 6 
scheme of 64QAM, the transmitter can use either an inter- 
leaver with a fixed length or an interleaver with a variable 



length. When using the interleaver with a fixed length, the 
transmitter determines a ratio of systematic bits to parity bits 
so that the systematic bits can be mapped to the bit positions 
with high reliability in the symbol patterns. 

Combination of First Method and Second Method 
The present invention provides a method for additionally 
increasing performance of a mobile communication system 
by combining the two methods stated above. When a chan- 
nel condition suitable to the first method and the second 
method does not occur, the two methods are combined to 
stably increase system performance even though the channel 
condition is diversified. 

A mobile conununication system proposed by the present 
invention is comprised of a Node B and a UE, both including 
an antenna array. The mobile o 
multiple antennas classifies ti 
groups according to how much they affect system perfor- 
mance. For example, the transmission data can be classified 
into an important data group and an unimportant data group. 
The classified transmission data is provided to different 
transmission antennas according to a condition of a trans- 
mission channel. First, when the transmission data is clas- 
sified into a data group corresponding to transmission anten- 
nas with a good transmission condition and a data group 
corresponding to transmission antennas with a poor trans- 
mission condition, the transmission antennas transmit Irans- 
mis.sion data with different priorities. I'hal is, Ihc Iransmiller 
transmits the important data through transmission antennas 
with a good transmission condition, and the unimportant 
data through transmission antennas with a poor transmission 
condition. Next, in the case where transmission conditions 
of the transmission antennas are similar to or scarcely 
different from one another, when modulating a pluraUty of 
data bits into one symbol, the transmitter assigns important 
data bits to bit positions with high transmission rehability 
and unimportant data bits to bit positions with low fi-ans- 

I ransmission condition patterns of a channel, for which 
both of the two methods can be used, become [H, M, M, L], 
[H, H, H, L], [H, L, L, L], [H, H, H, H] and [L. L, L, L], and 
as illustrated, a ratio of transmission antennas with a good 
I condition to transmission antennas with a poor 
1 condition is not constant. However, in the case 
where all the transmission antennas have a good transmis- 
sion condition or a poor transmission condition, it is not 
possible to improve the entire performance of the mobile 
communication system even though the transmission anten- 
nas separately transmit data bits with difterent priorities. In 
contrast, when the transmission antennas are separated into 
transmission antennas with a good transmission condition 
and transmission antennas with a poor transmission condi- 
tion, a method of differently assigning transmission data bits 
according to positions of bits constituting a symbol for 
modulation of the data bits may not generate a gain. In this 
case, therefore, it is possible to improve performance of the 
mobile communication system by combining the method of 
distributing transmission data to transmission antennas with 
the method of distinguishablv assigning data bits transmitted 
through a particular transmission antenna to bit positions of 
a symbol. 

For example, it a transmission condition pattern of a 
channel is [H. M. M. L]. first and fourth transmission 
antennas ha\ c ti msmission conditions H and L, respec- 
tively, so systematic bits are transmitted through the first 
transmission antenna and parity bits are transmitted through 
the fourth traasmission antenna. In addition, since second 
and third transmission antennas have the sa 
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condition, systematic bits are assigned to bit positions with not be made and whether the subject feeds back transmission 

high reliability within one symbol and parity bits are condition information will not be stated, because this is well 

assigned to bit positions with low reliability for transmission described in the technique for distributing transmission data 

through these antennas. This method is suitable to a coding to transmission anteimas according to their priorities in a 

rate V2. If a coding rate is %. it is possible to mix the two 5 MIMO (Multiple Input Multiple Output) system, 

methods. That is, it is possible to transmit three systematic Structure and Operation of Transmitter 

bits through first, second and third transmission antennas, FIG. 3 illustrates a structure of a transmitter in a mobile 

and transmit a parity bit through a tourth transmission communication system according to an embodiment of the 

antenna. As stated above, the proposed method can be present invention. Specifically, FIG. 3 illustrates a structure 

applied without restricting possible channel transmission 10 of a transmitter for transmitting input transmission data 

conditions of transmission antennas, thus guaranteeing opti- through a h'ansmission antenna array comprised of h:ans- 

mal performance. mission antennas 72, 74, 76 and 78 in a mobile communi- 

When all the transmission antennas have a good trans- cation system. An embodiment of the present invention will 

mission condition or a poor transmission condition, the be described with reference to a typical example where a 

present invention assigns different transmission data accord- 15 coding rate and a modulation scheme of 16QAM are used 

ing to bit positions constituting a symbol during symbol for convenience of explanation among the coding rates and 

generation for modulation without distributing transmission the modulation schemes illustrated in Table 1. 

data to the transmission antennas, thereby increasing trans- A channel encoder 60 receives data to be transmitted over 

mission efficiency. As described before, the proposed a radio channel, and encodes the input data with a prescribed 

method can be applied in various ways accoriing to a coding 20 code thereby to generate coded bits. The "prescribed code" 

rate, a modulation scheme of each transmission antenna, and refers to a code for generating actual data bits to be trans- 

a transmission condition of a channel. mitted and error control bits of the data bits by encoding the 

When a Node B transmits data in the proposed method, a input data. For example, the coded bits are comprised of 

UE receives a signal transmitted from the Node B, using a systematic bits and parity bits. The prescribed code for 

reception antenna array or one reception antenna. Here, a 25 generating the systematic bits and parity bits includes a 

transmission condition for each transmission antenna of a turbo code and a systematic convolutional code. The channel 

transmission antenna array is measured by the Node B. encoder 60 generates coded bits according to a coding rale. 

Alternatively, the transmission condition is measured by the and the coding rate is determined by a controller 80. If the 

UE and then, fed back over an uplink channel set up to the coding rate is V2, a ratio of systematic bits to parity bits 

Node B. The Node B determines transmission conditions of 30 generated by the channel encoder 60 is 1:1. ITiat is, when 1 

the transmission antennas based on the measured or feed- data bit is received, 1 systematic bit and 1 parity bit are 

back information, and also determines priorities based on output. Outputs of the channel encoder 60 are provided to an 

the transmission conditions. The determined transmission interleaving block 64 that provides a time diversity gain. The 

conditions of the transmission antennas become a criterion interleaving block 64 is comprised of a plurality of inde- 

for determining a data transmission method. 35 pendent interleavers 64-1 and 64-2. The first interleaver 64-1 

Meanwhile, in order to be provided with transmission interleaves the systematic bits and the second interleaver 

condition information from a Uf;, the Nude 1! nnisi iraiisniii 64-2 interleav es the parity hits. The systematic bits and 

a pilot signal so that the UE can measure iransiinssion parity hits inierleavcd hy the lirsl and second interleavers 

conditions of the individual antennas. Therefore, the Node li 64-1 and 64-2 arc provided 10 a distribution block 66. The 

transmits a pilot signal to the UE over a common pilot 40 distribution block 66 is comprised of a plurahly of indepen- 

channel along with data groups assigned to corresponding dent distributors 66-1 and 66-2, like the interleaving block 

transmission antennas. The UE acquires transmission con- 64. The distributors 66-1 and 66-2 each distribute as many 

dition information of signals received dirough the transmis- interleaved systematic bits S and parity bits P as amounts 

sion antennas, using the pilot signal. The UE transmits the assigned to the transmission antennas, under the control of 

acquired transmission condition information to the Node B. 45 the controller 80. The total number of coded bits assigned to 

The Node B determines transmission conditions of the the teansmission antennas is determined according to a 

individual antennas based on the received transmission coding rate and a modulation scheme of the channel encoder 

condition information, and assigns coded data bits of the 60. There exist three cases where the distribution block 66 

next transmission frame to the transmission antennas assigns the interleaved coded bits to the transmission anten- 

according to their priorities or performs symbol mapping. 50 nas. The 3 cases include a first case where only interleaved 

Since the UE can determine an antenna through which bits systematic bits are distributed to a transmission antenna, a 

of the next transmission frame will be received or a mapping second case where only interleaved parity bits are distrib- 

rule by which the bits were symbol-mapped, based on the uted to a transmission antenna, and a third case where 

information transmitted from the UE to the Node B, the UE interleaved systematic bits and parity bits are mixedly 

can decode signals received through individual antennas 55 distributed to a transmission antenna. Meanwhile, applica- 

through demodulation and demultiplexing. tion of the 3 cases is determined according to transmission 

Now, a method of separating transmission data into a conditions of the transmission antennas. That is, the disfri- 
plurahty of data groups and assigning the separated data bution block 66 distributes only the interleaved systematic 
groups to transmission antennas or assigning the data groups bits to a transmission antenna with a good transmission 
to different bit positions for symbol mapping will be 60 condition, and distributes only the interleaved parity bits to 
described with reference to the accompanying drawings. a transmission antenna with a poor transmission condition. 
Further, a description will be made of how a Node B and a Further, the distribution block 66 mixedly distributes the 
UE transmit and receive data through transmission and interleaved systematic bits and parity bits to a transmission 
reception antenna arrays based on transmi.ssion condition antenna with a normal transmission condition. To this end, 
information of the individual antennas. However, in the 65 the distributor 66-1 for distributing the interleaved system- 
present invention, a definition of the subject for determining atic bits may either distribute as many systematic bits as the 
transmission conditions of the transmission antennas wiU total number of coded bits, or a half of the total number of 
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coded bits, to a transmission antenna, or never distribute the 
systematic bits to a transmission antenna. In FIG. 3, the 
systematic bits distributed to each antenna by the distributor 
66-1 are represented by "S for Ant.#n," where "#n" is an 
index value designating a corresponding transmission 
antenna. Likewise, the distributor 66-2 for distributing the 
interleaved parity bits may either distribute as many parity 
bits as the total number of coded bits, or a half of the total 
number of coded bits, to a transmission antenna, or never 
distribute the systematic bits to a transmission antenna. In 
FIG. 3, the parity bits distributed to each antenna by the 
distributor 66-2 are represented by "P for Ant.#n," where 
"#n" is an index value designating a corresponding trans- 

For example, if a coding rate is % and a modulation 
scheme is 16QAM, the distribution block 66 distributes the 
interleaved coded bits to each transmission antenna by 4 
bits. The distributed 4 bits may include interleaved system- 
atic bits, interleaved parity bits, or mixed coded hits of 2 
interleaved systematic bits and 2 interleaved parity bits. 
More specifically, if a transmission antenna array with 
transmission antennas 72, 74, 76 and 78 has a transmission 
condition pattern [H, L, M, M], it is preferable that the first 
transmission antenna 72 transmits only systematic bits and 
the second transmission antenna 74 transmits only parity 
bits. Further, preferably, the third and fourth transmission 
antennas 76 and 78 mixedly transmit the systematic bits and 
the parity bits. Therefore, the distributor 66-1 distributes 4 
interleaved systematic bits for "S for Ant.l," distributes no 
interleaved systematic bits for "S for AnL2," and distributes 
2 interleaved systematic bits for each of "S for Ant.3" and 
"S for Ant.4." Likewise, the distributor 66-2 distributes no 
interleaved parity bits for "P for Ant.l," distributes 4 inter- 
leaved parity bits for "P for Ant.2," and distributes 2 
interleaved parity bits for each of "P for Ant.3" and "P for 
Ant.4." 

Such distribution is determined by the controller 80. The 
controller 80 changes transmission data input to and output 
from the distribution block 66 according to transmission 
condition information of the transmission antennas 72, 74, 
76 and 78, and a modulation scheme to be used for each of 
inas. In the embodiment of the present 
a modulation scheme of all the t 
antennas 72, 74, 76 and 78 is set to 16QAM, 4 1 
data bits are assigned to each transmission antenna. In 
addition, since the coding rate is ^4, the systematic bits and 
the parity bits are generated in the same ratio, so % of the 
transmission bits becomes systematic bits and the remaining 
V2 becomes parity bits at the transmission antenna array. The 
systematic bits and the parity bits for the individual trans- 
mission antennas, output from the distribution block 66, are 
provided to a multiplexing and modulation block 68. The 
muhiplexing and modulation block 68 receives 8 coded bits, 
including systematic bits and parity bits for the mdividual 
transmission antennas received from the distribution block 
66, and converts the received coded bits into output signals 
for 4 transmis.sion antennas, and performs modulation on the 
output signals for each transmission antenna. 

An operation of the distribution block 66 will be made 
with reference to a case where a coding rate is V2 and a 
modulation scheme is 16QAM. The generated systematic 
bits and parity bits for the transmission antennas are multi- 
plexed by the multiplexing and modulation block 6S. Here, 
since the first and second transmission antennas 72 and 74 
each are assigned 4 bits of the systematic bus and the parity 
bits, if "S for Ant.l" and "P lor Ant.l" are mukiplexed, only 
4 systematic bits are assigned to the first transmission 



antenna 72 and output through an output terminal S/P/S&P 
for Ant.l, and when "S for Ant2" and "P for Ant.2" are 
multiplexed, only 4 parity bits are assigned to the second 
transmission antenna 74 and output through an output ter- 

' minal S/P/S&P for Ant.2. The third and fourth transmission 
antennas 76 and 78 each are assigned 2 systematic bits and 
2 parity bits, so each transmission antenna is assigned 4 
mixed bits of systematic bits and parity bits. More specifi- 
cally, there exist 2 systematic bits and 2 parity bits at each 

'3 of "S for Ant.3" and "P for Ant.3," and when the two mputs 
are applied to the multiplexing and modulation block 68, the 
multiplexing and modulation block 68 mixes the 2 system- 
atic bits with the 2 parity bits, and outputs 4 S&P bits to an 
output terminal S'P/S&P for M\3. Finally, like the third 

5 transmission antenna 76, the fourth transmission antenna 78 
also multiplexes 2 systematic bits and 2 parity bits into one 
sjTnbol, and outputs the multiplexed 4 bits to an output 
terminal S/P/S&P for Ant.4. Although it wfll be described 
again with reference to FIG. 6, the output data multiplexed 

" for each transmission antenna is modulated by the multi- 
plexing and modulation block 68 and provided to a trans- 
mission antenna assigner 70. The transmission antenna 
assigner 70 transmits the received transmission data bits for 
the transmission antennas to a UE through the transmission 

5 antenna array. 

FIG. 5 illustrates a detailed structure of the distribution 
block 66 in the transmitter illustrated in FIG. 3. As illustrated 
in FIG. 5, the distribution block 66 is comprised of a first 
distributor 66-1 for distributing systematic bits and a second 
distributor 66-2 for distributing parity bits. 

Referring to FIG. 5, the interieaved systematic bits S from 
the first interleavcr 64-1 are provided to the first distributor 
66-1, and the first distributor 66-1 distributes the interleaved 

5 systematic bits S according to transmission antenna. The 
interleaved parity bits P from the second intetleaver 64-2 are 
provided to the second distributor 66-2, and the second 
distributor 66-2 distributes the interleaved parity bits P 
according to transmission antenna. 

0 First, the systematic bits S provided to the first distributor 
66-1 are distributed to 4 corresponding transmission anten- 
nas by a switch 66-3 under the control of the controller 80. 
That is, the systematic bits are distributed ir 
bits "S for Ant.l" to be transmitted through the first tr 

5 mission antenna, systematic bits "S for Ant.2" to be tr 
mitted through the second transmission ante 
bits "S for Ant.3" to be transmitted through the third 
transmission antenna, and systematic bits "S for Ant.4" to be 
transmitted through the fourth transmission antenna. The 

0 systematic bits "S for Ant.l" to be transmitted through the 
first transmission antenna are temporarily stored in a first 
buffer 66-1-1, the systematic bits "S for Ant.2" to be 
transmitted through the second transmission antenna are 
temporarily stored in a second buffer 66-1-2, the systematic 

5 bits "S for Ant.3" to be transmitted through the third 
transmission antenna are temporarily stored in a third buffer 
66-1-3, and the systematic bits "S for Ant.4" to lie iraiis- 
mitted through the lourth transmission antenna are tempo- 
rarily stored in a fourth buffer 66-1-4. The number of 

,i systematic bits stored in each of the first to fourth buffers 
66-1-1 to 66-1-4 is determined according to the number of 
the transmission antennas, the number of the input system- 
dtie bits and I ti msmisMon condition of each of the trans- 

.5 Next, the parity bits P provided to the second distributor 
66-2 are distributed to 4 corresponding transmission anten- 
nas by a switch 66-4 under the conttol of the controller 80. 
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That is, the parity bits are distributed into parity bits "P for 
Ant.l" to be transmitted through the first transmission 
antenna, parity bits "P for Ant.2" to be transmitted through 
the second transmission antenna, parity bits "P for Ant J" to 
be transmitted through the thud transmission antenna, and 5 
parity bits "P for Ant.4" to be transmitted through the fourth 
transmission antenna. The parity bits "P for Ant.l" to be 
transmitted through the first transmission antenna are tem- 
porarily stored in a fifth buffer 66-2-1, the parity bits "P for 
Ant.2" to be transmitted through the second transmission 
antenna are temporarily stored in a sixth buffer 66-2-2, the 
parity bits "P for Ant.3" to be transmitted through the third 
transmission antenna are temporarily stored in a seventh 
buffer 66-2-3, and the parity bits "P for Ant.4" to be 
transmitted through the fourth transmission antenna are 
temporarily stored in an eighth buffer 66-2-4. The number of 
parity bits stored m each of the fifth to eighth buffers 66-2-1 
to 66-2-4 IS delermmed according to the number of the 
transmission antennas, the number of the input parity bits, 20 
and a transmission condition of each of the 



Tlie 8 outputs are multiplexed 
corresponding transmission antennas by the multiplexing 
and modulation block 68 of FIG. 3, and then modulated. 

A detailed structure of the multiplexing and modulation 
block 68 is illustrated in FIG. 7. The multiplexing and 
modulation block 68 receives 8 data bits output from the 
distribution block 66 illustrated in FIG. 5. The 8 data bits are 
paired according to transmission antenna. In other words, a 
systematic bit and a parity bit corresponding to the first 
transmission anlenna 72 are paired with each other, and 
other systematic bits and other parity bits corresponding to 
the other transmission antennas 74, 76 and 78 are also paired 
with each other in the same way. In some cases, the 
systematic bits and the parity bits may not exist in some of 
the 8 data input terminals, as described in conjunction with 
FIG. 3. Therefore, the multiplexing and modulation block 68 
is comprised of a first multiplexer 68-1 for multiplexing 
systematic bits and parity bits to be transmitted through the 
(irsl transmission antenna 72, a second multiplexer 68-2 for 
muhiplexing systematic bits and parity bits to be transmitted 
through the second transmission antenna 74, a third mijlti- 
plexer 68-3 for muhiplexing systematic bits and parity hits 
to be transmitted through the third transmission auleiiiia 76, 
and a fourth muhiplexer 68-4 for muhiplexing systematic 
bits and parity bits to be transmitted through the fourth 
transmission antenna 78. The multiplexing and modulation 
block 68 generates output signals S/P/S&P for Ant.l, S/P/ 
S&P for Ant.2, S/P/S&P for Ant.3, and S/P/S&P for Ant.4 ' 
for the transmission antennas through the multiplexing, and 
modulates the output signals through corresponding modu- 
lators 68-5, 68-6, 68-7 and 68-8 according to a prescribed 
modulation scheme. Here, S/P/S&P for Ant.l, S/P/S&P for 
Ant.2, S,/P/S&P for Ant.3, and S./P/S&P for Ant.4 represent 
the output bits obtained by multiplexine the systematic bits 
and the, parity bits. 

Structure and Operation ot Receiver 

FIG. 4 illustrates a structure oi a receiver correspondmg 6U 
to the transmitter of FIG. ^ 1 n bik c m nunicalion 
system. An operation of the receiver illustraied m FIG. 4 is 
preformed in a reverse process tt the d t t n 11s 1 
operation by the transmitter of FIG. 3. The receiver is 
comprised of a reception antenna array with reception bS 
antennas 100, 102, 104 and 106. a channel estimation and 
antenna data classification block 108. a demodulation and 



demultiplexing block 110, a multiplexing block 112, a 
deinterleaving block 114, a channel decoder 118, and a 
controller 120. 

Referring to FIG. 4, the data transmitted through the 
transmis.sion antennas 72, 74, 76 and 78 of the transmitter is 
received at the receiver through the reception antennas 100, 
102, 104 and 106 of the reception antenna array. The signals 
received at the reception antennas 100, 102, 104 and 106 are 
provided to the channel estimation and antenna data classi- 
fication block 108, and the channel estimation and antenna 
data classification block 108 classifies the received signals 
according to transmission antenna and provides the classi- 
fied signals to the demodulation and demultiplexing block 
110. The demodulation and demuhiplexine block 110 per- 
forms a reverse operation of the multiplexing and modula- 
tion block 68 in the transmitter. The demodulation and 
demuluplexing block 110 receives 4 received data groups 
S,P/S&P for Ant.l, S/P/S&P for Ant.2, S,/P/S&P for Ant.3, 
and S/P/S&P for Ant.4, which were obtained by classifying 
the data transmitted through the transmission antennas 72, 
74, 76 and 78 according to transmission antenna, demodu- 
lates the 4 received data groups for corresponding antennas, 
and demultiplexes each of tihe received data groups into 
systematic bits and parity bits, thus outputting 8 output 
signals. Here, the demodulation and demultiplexing block 
110 outputs systematic bits of the received data group 
S/T/S&P for Ant.l through an output terminal S for Ant.l, 
and outputs parity bits of the received data group S/P/S&P 
for Ant.l through an output terminal P for Ant.l. The other 
received data groups are also output in the same way. As a 
result, the demodulation and demultiplexing block 110 out- 
puts a total of 8 output signals. The 8 output signals 
generated from the demodulation and demultiplexing block 
110 are provided to the multiplexing block 112. The multi- 
plexing block 112 is comprised of a plurality of muUiplexers 
112-1 and 112-2 for separately multiplexing the systematic 
bits and the parity bits. The multiplexer 112-1 multiplexes 4 
systematic bits S for Ant.l, S for Ant.2, S for Anl.i, and S 
for Ant.4, and generates an output signal comprised of only 
systematic bits. Further, the multiplexer 112-2 multiplexes 4 
parity bits P for Ant.l, P for Ant.2, P for /\nt.3, and P for 
Ant.4, and generates an output signal comprised of only 
parity bits. The systematic bits and the parity bits output 
from the multiplexing block 112 are provided to the deinter- 
leaving block 114. The deinterleaving block 114 is also 
comprised of a plurality of deinterleavers 114-1 and 114-2 
for separately deinterleavmg the systematic bits and the 
parity bits. The deinterieavers 114-1 and 114-2 deinterleave 
the systematic bits and the parity bits, respectively, and 
provide their outputs to the channel decoder 118. The 
channel decoder 118 separately channel-decodes the 
received systematic bits and parity bits, and generates 
restored data. 

FIG. 6 illustrates a detailed shucture of the demodulation 
and demultiplexmg block 110 in the receiver of FIG. 4. The 
demodulation and demultiplexing block 110 demodulates 
received data blocks for corresponding transmission anten- 
nas by demodulation schemes corresponding to the modu- 
lation schemes for the transmission antennas. The demodu- 
lation block has a structure corresponding to the structure of 
the modulation block illustrated in FIG. 7. As the modula- 
ti I Uk md Ics 4 Ti duhttrs 68 5, 68-6, 68-7 and 68-8, 
the den 1 1 ti n 1 1 k 1st includes 4 demodulators 110-1, 
110-2. 110-3 and 110-4. The received data blocks S/P/S&P 
for Ant.l. S/P/S&l' for Anl.2. S/I'/S&P for Ant.3, S/P/S&P 
for Ant.4 demodulated bv the demodulators 110-1, UO-2, 
110-3 and 110-4 arc provided to demultiplexers 110-5, 
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110-6, 110-7 and 110-8, respectively. The demultiplexers 
110-5, 110-6, 110-7 and 110-8 each demultiplex the received 
data bocks into systematic bits and parity bits. Through the 
demultiplexing, the 4 received data blocks for individual 
transmission antennas are separated into 4 systematic bits 5 
and 4 parity bits for individual transmission antennas. A ratio 
of the systematic bits to the parity bits output from the 
demultiplexers 110-5, 110-6, 110-7 and 110-8 is determined 
according to transmission conditions of the corresponding 
transmission antennas. For example, the demultiplexers may lO 
output either only the systematic bits or only the parity bits. 
Further, the demultiplexers may output the systematic bits 
and the parity bits in a prescribed ratio. A preferred embodi- 
ment of the present invention has been described in detail 
with reference to FIGS. 3 to 7. The embodiment has been 15 
described even for the case where the coding rate and the 
modulation scheme are fixed. 

In addition, the present invention provides a method of 
measuring channel transmission conditions for respective 
transmission antennas. A MIMO system using multiple 20 
antennas has 16 transmission paths between transmission 
antennas and reception antennas, and acquires channel char- 
acteristic information Uj,^ defined as 



In Equation (1), H^.^, representing a downlink channel 
characteristic, is measured by the channel estimation and 
antenna data classification block 108 of a UE (or a receiver). 
The measured channel information is converted into infor- 3 
mation indicating transmission conditions for the respective 
transmission antennas. In this case, a transmitter and a 
receiver of a system with an antenna array can be modeled 
as represented by 

Y{t)=H{tyX{t)+N(,) Rqmtion(2) 4 

Here, "*" represents convolution, Y(t)=(yj(t)y,(t) . . . 
y„«(t))', X(t)=(x,(t)x,(t) . . . x„Xt))', and N(t) is an AWGN 
(Additive White Gaussian Noise) vector. Herein, X(t) refers 
to a transmisson signal and Y(t) refers to a reception signal. 

Information representing transmission conditions for the 
transmission antennas is generated by Water pouring. This 
means that the transmitter and the receiver both perceive the 
channel conditions. Based on the information, the transmit- 
ter can perform an operation of increasing channel capacity. 
This operation converts the MIMO system into a plurality of 
equivalent SISO (Single Input Single Output) systems 
through linear conversion. The present invention including 
transmissioa'reception antenna arrays converts a MIMO 
system into multiple SISO systems by Water pouring, and 
calculates transmission power of each of the transmission 
antennas. Further, the present invention determines a trans- 
mission condition of each transmission antenna. The deter- 
mined transmission condition is used to determine a data 
group to be transmitted by the transmission antennas 72, 74, 
76 and 78. 

To this end, an SVD (Singular Value Decomposition) 
operation for converting a MMO system mto a plurality of 
SISO systems is performed as represented by 

H=UDV" Equation (3) ^ 

Here, U and V are singular mattixes, and D is a matrix 
where all components except diagonal components are 0. 



Since a singular matrix usually has an inverse matrix, if the 
transmitter and the receiver are multiplied by V and U'', 
respectively, then a MIMO channel is separated into as many 
SISO channels as a smaller number between the number of 
the transmission antennas 72, 74, 76 and 78 and the number 
of reception antennas 100, 102, 104 and 106. A relationship 
between the transmitter and the receiver is defined as 



5'= U"{m'X+N) -* Y+DX+ U"N 



Equation (4) 



Here, a diagonal component of D is a square root of an 
inherent value of H'^H. A term including a noise component 
N has AWGN distribution. Through this process, a plurality 
of SISO systems are generated, and channel capacity of a 
multi-antenna system becomes the sum of capacities of the 
SISO systems, and calculated by 



Here, X^, X2 are inherent values of H^H, and 

p^. is a level of transmission power that can be used by the 
transmission antennas 72, 74, 76 and 78. Further, n and m 
represent the number of transmission antennas 72, 74, 76 
and 78, and the number of rucuption antennas 100, 102, 104 
and 106, respectively, and as many inhcrciil vahics as the 
smaller number out of the two numbers are generated. The 
transmission power level can be determined according to the 
generated inherent values. Transmission power assignment 
for maximizing channel capacity of a system with an 
antenna array at a particular channel is performed by Water 
pouring, and the Water pouring power assignment for maxi- 
mizing channel capacity is defined as 

(6) 



Equation (6) represents a case where a condition of Aj>Ao 
is satisfied, and otherwise, the power is assigned zero (0). 
Here, >.n is a value calculated by total average power 
re.striction. The Water pouring increases channel capacity by 
assigning more transmission power to a channel with a good 
condition. A transmission condition is determined by calcu- 
lating transmission power of the transmission antennas 72, 
74, 76 and 78 in accordance with Equation (6), and this 
information is transmitted to a Node B (or a iransmiiier). 

Such delermmed transmission conditions for the respec- 
tive transmission antennas are used by a Node B to assign 
data to the transmission antennas in order to transmit the 
data to a UL. further, the determined transmission condi- 
tions are used to classify data bits assigned to the bits 
constituting a symbol during generation of a modulation 

Operation According to Lmbodimenl 

FIG. 8 illustrates a communication process performed by 
the transmitter ot the mobile communication system illus- 
trated in FIG. 3, Reterrme to FIG. 8. when mobile commu- 

stcp 14(1 ti msmission 1 it 1 1( be ti insmitted to a UE (or a 
ieeei\ci) The N )dc B cn^ idcs in step 142 the transmission 
data at a prescribed ctKiing rale liy a channel encoder 60, and 
generates a coded data stream. The Node B separates in step 
144 the coded data stteam into systematic bits and parity bits 
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having different priorities according to how much they affect ing systematic bits to the bits located in a position resistive 
performance of the receiver, and generates 2 data streams. In to an error among the bits constituting a symbol and assign- 
steps 146-1 and 146-2, the Node B channel-interleaves the ing parity bits to the bits located in a position susceptible to 
2 data streams separated in the step 144. In steps 148-1 and an error among the bits constituting the symbol when 
148-2, the Node B separates the interleaved data streams 5 generating a modulation symbol. In addition, when a good 
into as many data streams as the number of the transmission transmission-condition and a poor transmission condition 
antennas 72, 74, 76 and 78 under the control of a controller are always distinguishable, it is possible to transmit trans- 
80. In this way, the data streams of the systematic bits and mission data by separating them into only systematic bits 
the parity bits arc separated into 4 sub-streams. Since all of and parity bits. It is possible to increase performance of the 
the first to fourth transmission antennas 72-78 are consid- lO mobile communication system by separating transmission 
ered when assigning the systematic bits according to the data into only systematic bits and parity bits and transmitting 
transmission antennas, the data streams are separated into 4 the systematic bits through a transmission antenna with a 
sub-streams. The parity bits are also separated into 4 sub- good transmission condition and the parity bits through a 
streams in the same way. The 8 sub-streams are multiplexed transmission antenna with a poor transmission condition, 
into 4 sub-streams according to transmission antenna. Since :5 The present invention provides a new method for improv- 
each transmission antenna is assigned one sub-stream for ing entire performance of a mobile communication system 
systematic bits and one sub-stream for parity bits, each not only when channel conditions between multiple trans- 
transmission antenna is assigned two sub-streams. In other mission and reception antennas are similar to or different 
words, by multiplexing one sub-stream for systematic bits from one another, but also when the two cases are mixed. No 
and one sub-stream for parity bits, one new multiplexed 20 matter how the channel conditions between the multiple 
sub-stream, or one data stream, is generated. In this manner, fransmission and reception antennas are determined, the 
the Node B generates a total of 4 data streams in step 150. proposed method can improve the entire system pcrfor- 
After generating the 4 data streams, the Node B modulates mance. 

each of the data streams in step 152, and assigns the While the invention has been shown and described with 

modulated data streams to the physical transmission anten- 25 reference to a certain preferred embodiment thereof, it will 

nas in step 154. Thereafter, in step 156, the Node B transmits be understood by those sidlled in the art that various changes 

the data streams through the assigned transmission antennas, in form and details may be made therein without departing 

completing data transmission. from the spirit and scope of the invention as defined by the 

FIG. 9 illustrates a communication process performed by appended claims, 
ihc receiver ol' llic mobile coramunicalion system illustrated 30 

in FIG. 4. Referring to FIG. 9, a UE receives in step 160 a What is claimed is: 

plurality of data streams transmitted from a Node B through 1- A method for providing first and second interleaved bit 

reception antennas 100, 102, 104 and 106 of a reception streams to a modulator in order to transmit the first and 

antenna array. The UE separates in step 162 the received second interleaved bit streams through at least two antennas 

data stoeams into data streams for respective transmission 35 in a mobile communication system including an encoder for 

antennas, and demodulates the separated data streams. The encoding a transmission data stream at a given coding rate 

UE separates in step 164 each of the demodulated data into a first bit stream with first priority and a second bit 

streams for the respective transmission antennas into a stream with second priority being lower than the first 

sub-stream with systematic bits and a sub-stream with parity priority, an interleave! for interieaving the first and second 

bits. Therefore, 4 data streams are separated into 8 sub- 40 bit streams and generating the first and second interleaved 

streams, and the sub-streams include 4 sub-streams with bit streams, and the modulator for modulating the first and 

systematic bits and 4 sub-streams with parity bits. In steps second interieaved bit streams by a given modulation 

166-1 and 166-2, the UE multiplexes the 8 sub-streams into scheme, the method comprising the step of: 

two data streams in such a manner that the subHStoeams with generating a combination of at least one of a first com- 

the same data components are separately multiplexed, i.e., 45 bination bit streams representing a combination of bits 

the sub-sfi-eams witii the systematic bits and the sub-streams from the first interleaved bit stream, a second combi- 

with the parity bits are separately multiplexed. The UE nation bit streams representing a combination of bits 

deinterleaves the two data stoeams in steps 168-1 and 168-2, from the second interleaved bit stream, and a third 

and channel-decodes the systematic bits and the parity bits combination bit steams representing a combination of 

by a channel decoder in step 170. Thereafter, the UE outputs 50 bits from the first interleaved bit stream and the second 

in step 172 the channel-decoded received data by restoring interleaved bit stream according to power condition 

the data transmitted by the Notle I!, coniplcliii^ data recep- information of the respective antennas, wherein the 

tion. number of bits in each of the first, second and third 

As described above, the present invention provides a combination bit stteams is determined according to the 

method applicable to a case where transmission antennas 55 modulation scheme. 

have different teansmission conditions during data transmis- 2. The method of claim 1, wherein the first combination 
sion through the hansmission antennas and a case where the bit stteam is generated for an antenna with a good trans- 
transmission conditions are poor so that it is difEcult to mission condition based on the power condition informa- 
improve system performance with the conventional data tion, the second combination bit stream is generated for an 
transmission method, in a CDMA mobile communication 60 antenna with a poor transmission condition based on the 
system with a pluraKty of transmission and reception anten- power condition information, and the third combination bit 
nas. stream is generated for an antenna with a medium transmis- 
If, as mentioned before, the transmission and reception sion condition based on the power condition information, 
antennas all have the same transmission conditioas, it is not 3, The method of claim 1, wherein the number of bit 
necessary to classify data bits according to their priorities. 65 streams by combination of the first combination bit streams. 
Particularly, in this case, it is possible to improve entire the second combination bit streams and the third combina- 
performance of a mobile communication system by assign- tion bit streams is equal to the number of the antennas. 
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4. A method for providing first and second interleaved bit 
streams to a modulator in order to transmit the first and 
second interleaved bit streams through at least two antennas 
in a mobile communication system including an encoder for 
encoding a transmission data stream at a given coding rate 
into a first bit stream with first priority and a second bit 
stream with second priority being lower than the first 
priority, an interleaver for interleaving the first and second 
bit streams and generating the first and second interleaved 
bit streams, and the modulator for modulating the first and 
second interleaved bit streams by a given modulation 
scheme, the method comprising the steps of: 

distributing the first interleaved bit stream Into first 
assignment bit streams for the respective antennas and 
the second interleaved bit stream into second assign- 
ment bit streams for the respective antennas according 
to power condition information of the respective anten- 

generating combination bit streams for each respective 
antenna by combining the first assignment bit streams 
and the second assignment bit streams for each respec- 
tive antenna, and providing the generated combination 
bit streams to the modulator. 

5. The method of claim 4. wherein the number of bits in 
each of the combination bit streams is determined based on 

good transmission contlition based on the power condition 
information, as many first interleaved bits as the number ot 
bits determined by the modulation scheme, arc distributed 
from the first interleaved bit stream as the first assignment 
bit stream, and are not distributed as the second assignment 
bit sfi-eam. 

7. The method of claim 6, wherein for an antenna with a 
poor transmission condition based on the power condition 
information, as many second interleaved bits as the number 
of bits determined by the modulation scheme, are distributed 
from the second interleaved bit stream as the second assign- 
ment bit stream, and arc not distributed as the first assign- 

8. The method of claim 7, wherein for an antenna with a 
medium transmission condition based on the power condi- 
tion information, the first and second assignment bit streams 
from the first and second interleaved bit streams are distrib- 
uted according to a ratio of the coding rate. 

9. The method of claim 8, wherein the modulator modu- 
lates the combination bit stream by the given modulation 
scheme by mapping first interleaved bits constituting the 
combination bit stream to bit positions with high reliability 
among bit positions constituting one modulation symbol, 
and mapping second interleaved bits constituting the com- 
bination bit stream to bil positions with low rehabilitv 
among the bit positions. 

10. An apparatus for providing fiist and second inter- 
leaved bit streams to a modulator in order to transmit the first 
and second interleaved bit streams through at least two 
antennas in a mobile communication system including an 
encoder for encoding a transmission data sfi-eam at a given 
coding rate into a first bit stream with first priority and a 
second bit stream with second priority beinn lower than the 
first priority, an interleaver tor interleaving the first and 
second bit streams and seneratms the first and second 
interleaved bit streams, and the modulaior tor modulating 
the first and second interleaved bit streams by a given 
modulation scheme, the apparatus compnsmg: 

a distributor lor distributing the first interleaved bit stream 
mlo first assignment bit streams lor the respective 
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antennas and the second interleaved bit stream into 
second assignment bit streams for the respective anten- 
nas according to power condition information of the 
respective antennas; and 
a muhiplexer for generating combination bit streams for 
each respective antenna by combining the first assign- 
ment bit streams and the second assignment bit streams 
for each respective antenna, and providing the gener- 
ated combination bit streams to the modulator. 
10 11. The apparahis of claim 10, wherein the number of bits 
in each of the combination bit streams is determined based 
on the modulation scheme. 

12. The apparatus of claim 10, wherein for an antenna 
with a good transmission condition based on the power 
15 condition information, the distributor distributes as many 
first interleaved bits as the number of bits, determined by the 
modulation scheme, from the first interleaved bit stream as 
the first assignment bit stream and does not distribute the 
first interleaved bits as the second assignment bit stream. 
20 13. The apparatus of claim 12, wherein for an antenna 
with a poor transmission condition based on the power 
condition information, the distributor distiibutes as many 
second mterleaved bits as the number of bits, determined by 
the modulation scheme, from the second interleaved bit 
2? Stream as the second assignment bit stream and does not 
distribute the second interleaved bits as the first assignment 

14. 1 he apparatus ot claim 13, wherein for an antenna 
with a medium transmission condition based on the power 

30 condition inlormation, the distributor distributes the first and 
second assignment bit streams from the first and second 
mterleaved bit streams according to a ratio of the coding 
rate. 

15. The apparatus, of claim 14, wherein the modulator 
35 modulates the combination bit stream by the given modu- 
lation scheme by mapping first interleaved bits constituting 
the combination bit stream to bit positions with high refi- 
abihty among bit positions constituting one modulation 
symbol, and mapping second interleaved bits constituting 

40 the combination bit stream to bit positions with low refi- 
ability among the bit positions. 

16. A method for separating first and second interieaved 
bit streams firom combination bit streams in a mobile com- 
munication system including a demodulator for receiving 

45 modulated combination bit streams through at least two 
antennas and generating the combination bit streams by 
dcmcHhihiiing the moilulated combination bit stieams 
acconhiiii 10 iIk: aiuciiiias. a deinterleavet for generating first 
and second hii sircams nv deinterleaving first and second 
5 J interleaved bit streams trom the combination bit sfi-eams, 
and a decoder tor decoding a data stream from the deinter- 
leaved hrst bit stream with first pnority and the deinter- 
leaved second bit stream with second pnority being lower 
than the first priority, the method comprising the steps of: 
55 separating a first assignment bit stream and a second 
assignment bit stteam from each of the combination bit 
streams demodulated according to the antennas based 
on power condition information of the respective anten- 

60 multiplexing; the Iirst tissignment bit streams separated 
according to the antennas into the first interieaved bit 
stream and multiplexine the second assignment bit 
streams separated according to the antennas into the 
second interleaved bit stream. 
65 17. The method of claun 16, wherein the number of bits 
in each ol the combination bit streams is determined based 
on a modulation scheme used in a transmitter. 
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18. The method of claim 16, wherein for an antenna with 

a good transmission condition based on the power condition 
information, the respective first assignment bit stream sepa- 
rated from the demodulated combination bit stream has as 
many first interleaved bits as the number of bits, determined s 
by a modulation scheme used in a transmitter, and the 
respective second assignment bit sfi-eam does not exist. 

19. I'he method of claim 18, wherein for an antenna with 
a poor transmission condition based on the power condition 
information, the respective second assignment bit stream lo 
separated from the demodulated combination bit stream has 

as many second interleaved bits as the number of bits, 
determined by the modulation scheme used in the transmit- 
ter, and the resepective first assignment bit stream does not 
exist. 15 

20. The method of claim 19, wherein for an antenna with 
a medium transmission condition based on the power con- 
dition information, the first and second assignment bit 
streams are separated from the respective combination bit 
streams according to a ratio of the coding rate. 20 

21. An apparatus for separating first and second inter- 
leaved bit streams from combination bit streams in a mobile 
commtmication system including a demodulator for receiv- 
ing modulated combination bit streams through at least two 
antennas and generating the combination bit streams by 25 
demodulating the modulated combination bit streams 
according to the antennas, a deinterleaver for generating first 
and second bit streams by deinterleaving first and second 
interleaved bit streams from the combination hit streams, 
and a decoder for decoding a data stream from the deinter- 3:1 
leaved first bit stream with first priority and the deinter- 
leaved second bit stream with second priority being lower 
than the first priority, the apparatus comprising: 

a demultiplexer for separating a first assignment bit 
stream and a second assignment bit stream from each of 
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the combination bit streams demodulated according to 
the antennas based on power condition information of 
the respective antennas; and 
a multiplexer for multiplexing the first assignment bit 
streams separated according to the antennas into the 
first interleaved bit stream and multiplexing the second 
assignment bit streams separated according to the 
antennas into the second interleaved bit stream. 

22. llie apparatus of claim 21, wherein the number of bits 
in each of the combination bit streams is determined based 
on a modulation scheme used in a transmitter. 

23. The apparatus of claim 21, wherein for an antenna 
with a good transmission condition based on the power 
condition information, the respective first assignment bit 
stream separated from the demodulated combination bit 
stream has as many first interleaved bits as the number of 
bits, determined by a modulation scheme used in a trans- 
mitter, and the respective second assignment bit stream does 

24. The apparatus of claim 23, wherein for an antenna 
with a poor transmission condition based on the power 
condition information, the respective second assignment bit 
stream separated from the demodulated combination bit 
stream has as many second interleaved bits as the number of 
bits, determined by the modulation scheme used in the 
transmitter, and the respective first assignment bit steeam 
does not exist. 

25. The apparatus of claim 24, wherein for an antenna 
with a medium transmission condition based on the power 
condition information, the first and second assignment bit 
streams are separated from the respective combination bit 
streams according to a ratio of the coding rate. 



